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ALLIS-CHALMERS 


PUMPS 


for Designers Ways {0 Save 


SAVE ENGINEERING TIME 


Allis-Chalmers representative will sit down 
with you in the planning stage and help you 
design the best possible pump set-up at the 
lowest cost. A-C field engineers will save you 
much costly engineering work and guarantee 
the complete pump and motor unit. 
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SAVE—NO EXTRA PARTS TO BUY 


Designed as a complete, compact unit, Allis- 
Chalmers close-coupled pumps don’t require 
extras — such as couplings, bases or shims. The 
pumps come as units ready to hook up and run! 








SAVE ON INSTALLATION TIME 


Bolt it down, hook up the line and piping, and 

» * your Allis-Chalmers pump is ready to go. 

- ae" There’s no alignment problem. Correct instal- 

A, *- = lation is a big factor in pump performance and 

. estate PS) hdd the A-C engineer will advise you at this point. 

\ For more information about Allis-Chalmers 

“ designers’ pumps, write for bulletins 52B6140, 
al 52B7529, 52B6083 or 52B6975. 


ALLIS-CHALMERS, Milwaukee 1, Wisconsin 

















FHP PACKAGE PUMP ELECTRIFUGAL PUMP SUPPORTING ADAPTER PUMP VERTICAL MOUNTED PUMP 
Standard with mechanical A close-coupled pump with Flange motor and pump on Mechanical seal or sealless 
seal. Widely used and ac- either conventional packing sturdy supporting adapter. units with choice of submerged 
ceoted for air conditioning or mechanical seal. With conventional packing or or sidewall mounting. 
and refrigeration. mechanical seal. 

Bulletin 52B7529 Bulletin 52B6140 Bulletin 52B6083 Bulletin 52B6975 

Electrifugal is an Allis-Chalmers trademark, 
A-4228 
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Challenge for Tomorrow Editorial 


Engineering progress in the past twenty-five years has been rapid — but the next 
quarter century points toward even bigger accomplishments " 


By Peter Muller-Munk 


An industrial designer gives his views on successful co-ordination of ‘the two 
operations 


Industrial and Engineering Design 


Scanning the Field for Ideas 


Floating-hub design — sintered-carbide shafts — dual-flow tubing — bolt preloading 
— accurate welding positioning — fluid-piston bearings 


Designing with Textured Metals By Joseph J. Clement 


Attractive appearance and structural strength are two useful design characteristics 
of “rigidized” metals 


By M. B. Ewalt 


Fundamental concepts in and design methods for combating radio interference 


Electrical Noise Suppression 


Systematic Mechanism Design By J. Denavit and R. S. Hartenberg 


Part 1 — Symbolic notation plus a catalog of basic mechanisms equals a new 
method for deducing practical mechanisms ° 


New Developments in Silicones By T. A. Kauppi 


A review of current design possibilities in this unusual class of engineering 
materials 


Design for Riveting By Roger W. Bolz 


Production and Design — Small rivets and their selection 


By Paolo Tedeschi 


Part 3 — Specific attack for planning hydraulic turbomachines 


Planning Machine Series 


Pumps and Motors .By Reiner J. Auman 


Data Sheet — Charts for simplifying design of positive-displacement types 


Applying the Magnetic Amplifier By J. J. W. Brown 


Characteristics and uses for control applications 


Plastic Laminates ..__.. .By Norman A. Skow 


Electrical insulating properties of thermosetting types 


Mechanical Fasteners By W. C. Stewart 


Today’s trends in selection and use of fasteners 
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Happy Birthday to Us 


We’d like to take a short “time 
out”—and hope you will join us— 
for a chorus of “Happy Birthday 
to Us.” This month is a notable one 
in MACHINE DESIGN’s history since 
it marks our 25th anniversary. 
Starting in September, 1929, Ma- 
CHINE DESIGN was the first pub- 
lication specifically for design en- 
gineers. 

The first months after it ap- 
peared, the Depression hit. Al- 
though the economic climate was 
not of the best, the new youngster 
managed to hang on and even to 
grow. A major war and a “police 
action” haven’t stopped this growth 
and now, at a mature 25 years of 
age, we’re happy to report that 
your journal is sound, healthy, and 
ready to serve you even better than 
in the past. 

A lot of changes have marked 


SUIITLUMAONN TEM, 





these 25 years. At our recent bith- 
day party we counted noses and 
found that the staff has grown 
from 8 to over 30 people. But 
four members of the original Ma- 
CHINE DESIGN staff are still with 
us. Cutting our birthday cake 
(from left to right) they are: 
Frank Burgess, art editor; Mary 
Callahan, advertising service man- 
ager; Howard Dreyer, western 
manager; and Harold Veith, cen- 
tral western manager. 


This Month's Cover 


Like a chameleon, the silicone 
(Page 176) seems able to camou- 
flage itself by changing its physi- 
cal chacteristics—silicones can be 
made as oils, plastics, rubbers, 
paints, and many other forms. But 
several properties—high and low 
temperature resistance, dielectric 
strength, arc resistance, and mois- 
ture resistance — are common to 
almost all forms of silicones. 
These common characteristics have 
formed the basis for George Farns- 
worth’s striking and rather imagi- 
native cover. 
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Advertising and editorial content itemized for con- 
venience when studying specific design problems 





A 


Adhesives, Adv. 84 

Air conditioner-furnace, Edit. 208 

Aluminum and alloys, Edit. 30, 47; 
Adv. 235, 251, 253, 311, 330 

Amplifiers, magnetic, applying, Edit. 
214 


Balancing machine, Edit. 194 
Balls, Adv. 55 
Bearings, ball, Edit. 236; Adv. 11, 32, 
87, 123, 226, 239, 242, 344, 346 
fluid piston, Edit. 155 
miniature, Adv. 242 
needle, Adv. 239, 269 
rod-end, Edit. 249, 267; Adv. 332, 
360 
~ roller, Adv. 26, 87, 95, 101, 123, 143 
225, 226, 239, 269, 324, 344 
sleeve, Edit. 240, 249, 262; Adv. 17, 
51, 123, 221, 294, 318, 336 
Bellows, Edit. 242; Adv. 77, 138 
Belts, transmission, Adv. 98, 324, 350 
Bonding metals, Edit. 271 
Books, Edit. 301; Adv. 61, 125, 281, 
346, 349, 354, 357 
Brakes, Edit. 232; Adv. 5, 337 
Brass (see copper and alloys) 
Bronze (see copper and alloys) 
Brushes, commutator, Adv. 256, 306 
Bushings, Adv. 294, 336, 351 
ball, Adv. 318 


Cc 


Carbon and graphite parts, Adv. 74, 
256, 297, 347 
Casters, floating hub, Edit. 152 
Castings, centrifugal, Adv. 142, 240, 
290 
investment, Adv. 142, 270, 278, 281, 
301 
light alloy, Adv. 141, 284 
non-ferrous, Adv. 284 
sand, Adv. 142 
Ceramics, Adv. 31 
Chain, conveyor, Adv. 123, 131 
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transmission, Adv. 80, 123, 125, 131, 
293, 350 
Circuit breakers, Edit. 234 
Clamps, Adv. 25 
Classified ads, Adv. 360, 361 
Clutches, Edit. 232, 306; Adv. 93, 276, 
293, 324, 358 
Coatings (see finishes) 
Coatings, protective, Edit. 279; Adv. 
133, 141 
Commutators, Adv. 306 
Compressors, Edit. 15, 21; Adv. 59, 
115 
Computers, Edit. 38 
Connectors, electric, Edit. 240, 268, 
274, 281; Adv. 296, 355 
Contactors, Adv. 295 
Control systems, electric, Edit. 31; 
Adv. 49, 247, 248 
hydraulic, Adv. 339, 354 
Controls, cable, Adv. 356 
electric, Adv. 96, 140, 359, back 
cover 
emergency, Edit. 308 
pneumatic, Edit. 260 
Conveyors, Adv. 123 
Cooling system, Adv. 355 
Copper and alloys, Adv. 51, 272, 279, 
282, 336, 366 
Corrosion-resistant alloys, Adv. 465, 
124 
Counters, Adv. 69 
Couplings, shaft, Edit. 310; Adv. 22, 
123, 293 
Cutting fluid system, Edit. 234 
Cylinders, hydraulic, Adv. 8, 9, 38, 
85, 321, 346 
pneumatic, Edit. 254; Adv. 8, 9, 38, 
85, 321, 346 


D 


Dowel pins, Adv. 313 


Drafting equipment, Edit. 286, 288, 
290, 292; Adv. 348, 358, 359 

Drilling, Edit, 166 

Drives, adjustable speed, Adv. 78, 82, 
96, 123, 245, 255, 345, inside back 
cover 


(Concluded on Page 10) 


Electric equipment (see specific typ¢) 

Electrical noise suppression, Edit, 161 

Engineering department (see Man- 
agement or Drafting) 

Engines, Edit. 258; Adv. 68 

Expansion joints, Edit. 232 

Extrusion, Adv. 366 


F 


Facilities, general, Adv. 134, 223, 252, 
341, 363 
Fasteners, bolts, nuts and screws, 
Edit. 234, 250, 262; Adv. 28, 35, 
47, 56, 58, 64, 88, 105, 126, 135, 
241, 310, 314, 347, 356 
insert, Adv. 40, 88 
locking, Edit. 154; Adv. 100, 126, 
260, 320 
mechanical, changing trends, Edit. 
220 
pin, Adv. 313, 353 
retaining rings, Edit. 232; Adv. 365 
rivet, design for, Edit. 191 
Felt, Adv. 285, 340 
Filters, Adv. 137, 275, 298, 327 
Fittings, pipe, tube and hose, Edit. 
232; Adv. 25, 99, 233 
Fixtures, Adv. 19 
Forging, Adv. 279, 311, 326 
Friction materials, Adv. 63, 328 


G 


Gages, pressure, etc., (see also In- 
struments) 

Gaskets, Adv. 60, 119 

Gears, Adv. 108, 136, 267, 268, 287, 
296, 334, 354 

Generators, electric, Edit. 250; Adv. 
49 


H 


Hand tool, reciprocating or rotating, 
Edit. 190 
Heaters, Edit. 264; Adv. 304 
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HAT IS IT THAT MAKES 


ONE CYLINDER 
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BETTER THAN ANOTHER? 


When people set out to buy 
silverware, they accept 
without question the dif- 
ference in price between 
sterling and plate. Without 
being silversmiths, they 
know that the price variance is justified by 
the intrinsic difference in quality, perform- 
ance and life expectancy. This is equally true 
in the case of automobiles. Or in fine furniture. 
It’s no less true in the case of cylinders. 

There’s a marked difference in cylinders, 
too. As in the case of many other products, it 
isn’t always apparent to the naked eye. It’s 
there, nonetheless, and over a period of time 
the difference makes itself known. If, on oc- 
casion, you have been quoted a higher price 
on Hanna cylinders than on competitive cyl- 
inders, you may have wondered what accounts 
for the difference. What exactly are the differ- 
ences that mdke Hanna cylinders a better 
investment? 

Well, for one thing, the tube of every Hanna 
H-P cylinder is centrifugally cast Meehanite 
(1-1/16” av. thickness) , ac- 
curately bored and honed 
for low friction and perfect 
oil seal. Cast Meehanite is 
used because it lends cyl- 
inder tubes greater dimen- 
sional stability and more 
stubborn resistance to ex- 
ternal damage. 

There’s a pronounced difference, too, be- 
tween the head of most cylinders and the 








Hanna cylinder head. In the Hanna product, 
large, metal-to-metal contact area between 
cylinder head and tube prevents cocking and 
assures squareness of mounting surfaces to 
the bore. 

Hanna rod packings are designed for a more 
efficient seal and longer, trouble-free cylinder 
life. The spring-backed rod packings provide 
compensation for friction and wear. 

The piston and rod of a Hanna cylinder are 
constructed of either a single piece of high 
carbon steel to assure concentricity and maxi- 
mum strength, or assembled with shrink-fit 
welded construction and machined after as- 
sembly. In the latter case, ends are relieved 
to prevent wall scoring. 

Even the assembly screws of a Hanna cyl- 
inder boast a feature found in few competitive 
cylinders. The heat-treated 
alloy socket head screws 
are closely spaced for max- 
imum strength and count- 
ersunk into heads fora 
clean-cut appearance. Non- 
tie rod construction further 
enhances the streamlined 
design. 

These, in the main, are the features that set 
Hanna cylinders apart from most other cylin- 
ders. Once you’ve used Hanna H-P cylinders, 
we’re sure you'll agree their improved per- 
formance and longer life more than justify 
any small difference in cost. May we suggest 
that you bear this in mind next time you in- 
vest money in cylinders? 


Send for your copy of the new 


1751 





Hanna H-P cylinder catalog 


ELSTON AVENUE e CHICAGO 22, ILLINOIS 
HYDRAULIC AND PNEUMATIC EQUIPMENT ¢ CYLINDERS ¢ VALVES ¢ RIVETERS 
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MACHINE DESIGN AT WESTERN ELECTRIC 








Its use of Oilgear Fluid Power 


Western Electric Company, manu- 
facturing unit of the Bell Telephone 
System, originates, designs and 
builds many of the special machines 
it uses in its own manufacturing 
processes. It also maintains unceas- 
ing pressure to improve upon ma- 
chines already in operation, for 
optimum performance, for better 
product, for lower costs, for freedom 
from trouble. 

Its use of Oilgear Fluid Power 
Drives and Transmissions has been 
increasing because, in the words of 
their engineers, Oilgear enables 
them among other things to syn- 
chronize many machine components 
easily and economically. A good 
example of all these points is the 
“short haul” video cable 
wrapping machine pic- 
tured above. 

This machine was de- 
signed and built by the 
company’s own men some 
years ago. For optimum 


performance, the speed of the heads 
should be easily and independently 
variable and the direction of rotation 
instantly changeable because the 
lay and pitch of the wrappings must 
be varied according to the require- 
ments of the run. Moreover, the in- 
side contour of the tube formed by 
the wrapping should be smooth and 
uniform so as to avoid setting up 
echo waves that interfere with trans- 
mission and vitiate signal strength. 

Because of these requirements, a 
new drive was installed something 
over 4 years ago. A line shaft drives 
five Oilgear Fluid Power Transmis- 
sions, one at each machine head 
and the capstan. 


OILGEAR 








The results were these: uniformity 
and control of tension are so good, 
the machine runs at 4 times its 
former machine speed; it is easy to 
vary speed and direction of rotation 
of each individual head; eccentric 
heads gave way to concentric heads, 
and supply spools are now loaded 
to full capacity instead of “th to 
Y%th as before; the machine is 
stopped less frequently for loading. 
Maintenance on the former drive 
was involved and frequent—on the 
Oilgear equipment it has been 
simple and negligible. 

There is some reason to suspect 
that Oilgear Fluid Power with its 
wide range of advantages may solve 
some of your machine design prob- 
lems and make the results 
very pleasing and profit- 
able. Why don’t you really 
find out? THE OILGEAR 
COMPANY, 1568 West 
Pierce Street, Milwaukee 4, 
Wisconsin. 
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Heat exchangers, Edit. 153 
Heat resistant alloys, Adv. 124 
Hose, metallic, Adv. 13, 77, 350 
nonmetallic, Edit. 267 
Hydraulic equipment (see specific 
type) 


Industrial design, Edit. 148 

Inspection, Edit. 288; Adv, 319, 355 

Instruments, Edit. 268, 290, 294; Adv. 
86, 302, 305 

Insulating properties, electrical, of 
plastic laminates, Edit. 217 

Insulation, Edit. 234 


J, K 


Jacks, worm gear, Adv. 271 
Keys, rubber, Edit. 306 


L 


Latches, Adv. 353 
Lighting, Edit. 249 
Lubricants, Adv. 27, 133, 141 


Lubrication equipment, Adv. 20, 41, 
237, 275 


M 


Machine series, planning, Edit. 195 

Machines, (see specific type or proc- 
ess) 

Maintenance equipment, Edit. 312 

Magnesium and alloys, Edit. 48; Adv. 
323 

Magnetic amplifiers, applying, Edit. 
214 

Magnetos, Adv. 359 

Management engineering, Edit. 12, 
49 

Materials handling, Edit. 312 

Mechanisms Conference, Edit, 24; 
Adv. 238 

Mechanism design, Edit. 167 

Meetings, Edit. 24, 47, 50; Adv. 238 

Metals, Edit. 244; Adv. 342 

Metalworking, Edit. 312 


Motors, electric: 
brakemotors, Edit. 252; Adv. 14, 
102, 331 
fractional and integral hp, Adv. 1, 
49, 62, 70, 96, 102, 107, 112, 116, 
120, 145, 261, 277, 331, 333, 343, 
345, 358 


gearmotors, Adv. 102, 123, 247, 334, 
345 
subfractional, Adv. 1, 112, 347 


Motors, hydraulic, Adv. 9, 114, 257 
hydraulic, positive-displacement de- 
sign, Edit. 209 
pneumatic, Adv. 59 


O, P 


Office machines, Edit. 316 
Packaging, Edit. 318 
Packings, Adv. 48, 316 
Photosensitive aluminum, Edit. 281 
Pipe, Adv. 130, 233 
Planning machine series, Edit. 195 
Plant equipment, Edit. 318 
Plastics plating barrel, Edit. 175 
Plastics, Edit. 254, 256; Adv. 54, 71, 
81, 242, 325 
fishing reel, Edit. 160 
Plastics molding, Adv. 81, 328, 357 
Plastic laminates, electrical insulat- 
ing properties, Edit. 217 
Plugs, Adv. 241, 244 
Pneumatic equipment (see specific 
type) 
Potentiometers, Edit. 267 
Powder metallurgy, Adv. 94, 256, 288, 
328, 338 
Previews, Edit. 41 
Processing equipment, Edit. 320 
Pumps, Edit. 279, 320; Adv. inside 
front cover, 30, 59, 284, 308, 352 
hydraulic, Edit. 276; Adv. 9, 42, 
114, 257 
hydraulic, positive 
design, Edit. 209 
pneumatic, Edit. 264 


displacement 


Reducers, speed, Edit. 271, 284; Adv. 
6, 247, 250, 324, 334, 352, 356 
Relays, Edit. 258; Adv. 109, 274, 289 

Rheostats, Adv. 127 
Rubber, Adv. 111, 254, 259, 302 
Rubber molding, Adv. 39, 129 


S 


Seals, Edit. 244; Adv. 263 
mechanical, Edit. 236; Adv. 2, 138, 
229 
Servos, Edit. 234 
Shafts, Adv. 132 
flexible, Adv. 357 


sintered carbide, Edit. 153 
Shapes, special, Adv. 280 
Sheaves (see also pulleys), Adv. 98, 
324 


Silicones, Adv. 141 
new developments, Edit. 176 


Slide assemblies, Edit. 244 

Solenoids, Adv, 52 

Spindles, Adv. 104 

Springs, Adv. 66, 265, 348, 353, 354 

Sprockets, Adv. 80, 125, 131, 293 
350 

Starters, motor, Adv. 50, 140 

Steel, Edit. 46; Adv. 243, 363 

Steel, stainless, Adv. 76, 89, 307 

Switches, Edit, 236, 252, 256, 264; 
Adv. 50, 140, 289, 299, 349 

Swivel joints, Adv. 37, 258 

Systems, hydraulic, Adv. 303, 335, 351 


T 


Testing, Edit. 49; Adv. 302 

Textured metals, Edit. 156 

Thermostats, Edit. 49; Adv. 118, 322 

Timers, Adv. 36, 139, 292 

Tin and alloys, Adv. 346 

Torque transmitter, Edit. 232 

Transformers, Edit. 27; Adv. 49, 262 

Transmissions, variable speed, Edit. 
308; Adv. 9, 82, 312 

Transistors, Edit. 27 

Tubing, Edit. 234; Adv. 73, 130, 280, 
286, 309 

Turbines, Edit. 40 


U, V 
Universal joints, Edit. 310; Adv. 132, 
244, 317 
Valves, Edit. 267; Adv. 231, 233, 348, 
352 


hydraulic, Edit. 249; Adv. 8, 9, 114, 
249, 257 
pneumatic, Adv. 8, 146, 249 


Ww 


Wear resistant alloys, Adv. 124, 315, 
343 

Welding, Adv. 106, 134, 291 

Weldments, Adv. 223, 264, 341 

parts alignment for, Edit. 154 

Wind tunnel, design, Edit. 15 

Wire and wire products, Edit. 274; 
Adv. 44, 66, 348, 353 
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Wee Mow Departures—_ 
GIVES 
UPKEEP 
THE 
“AIR”! 








Rotor Tool Company design utilizes three New 
Departure ball bearings. Front bearing is 
wider to give greater surface on shaft and 
housing to withstand vibratory loads. 





Holding the line against maintenance down- 
time! Three New Departures in the Rotor Tool 
air grinder need no adjustment... . cut lubri- 
cation requirements to virtually zero. 


These New Departure double-shielded bear- 
ings are protected from foreign matter. They 
have the high capacity to carry radial and 
thrust loads . . . to withstand the shocks of 
hard use and rough handling. At the same 
time, cool-running New Departure ball bear- 
ings maintain accurate alignment and assure 
maximum power at the grinding wheel. 


NEW DEPARTURE 


BALL BEARINGS 






You can build these advantages into your 
product, too. Talk with your New Departure 


engineer—today! 
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Salary Trends Show Engineering Progress 


In 1929, the engineering grad- 
uate found slim pickings after the 
stock market collapse, but today he 
is making up for the lean years, 
according to Illinois Institute of 
Technology. 

A study made of the economic 
status of IIT engineering graduates 
reveals that members of the Class 
of 1929 currently are earning a 
median salary of $10,000 to $11,000 
a year. 





FLYING LST: A _ bow-loader version of the 
the four-engined 
tradewind transport (MACHINE DESIGN, May, 
1954, Page 192), buil€ by Convair, can land guns, 
trucks, supplies or an assault company directly onto 


Navy’s turboprop seaplane, 


Before the stock market crash, 
engineering graduates earned an 
average starting salary of approx- 
imately $115 a month. After the 
crash, the few engineering jobs 
that were available paid a mere 
pittance, the survey reports. 

By 1934, engineering graduates 
were receiving an average starting 
salary of less than $100 a month. 
These same graduates today are 
earning a median salary of $8500 


an enemy beach. For an assault operation, the 
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to $9000, according to results of 
the survey. 

Conditions had improved slightly 
for the 1939 engineering graduates 
who started at an average monthly 
salary of $110. During the inter- 
vening years, their median salary 
rose to $8500-$9000 a year—four 
times their starting rate. 

The advent of the technological 
age and the wartime boom boosted 
the beginning salary average to 
$193 in 1944. Im the short span 
of 10 years their median salary in- 


lane lands in offshore waters and taxis to the 

each. When the hull touches the sand, the bow 

opens upward, a ramp is dropped, and the loaded 

vehicles or troops debark directly onto the beach. 

To pull away, the pilot reverses the propellers 
and backs away 
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Engineering News Roundup 





creased to $7500-$8000, the survey 
revealed. 

Salaries continued to spiral, and 
in 1949, IIT engineering graduates 
were offered starting salaries of 


$282 a month. Five years after 
graduation, their initial salary has 
been doubled in many instances 
with the class median at $5500- 
$6000. 


Illinois Tech’s June, 1954, gradu- 
ates are earning an average start- 
ing salary of $363. All-time high 
was reached in 1953 when starting 
salaries averaged $373. 





Wind Tunnel Design Challenges Engineers 


Said to be the world’s largest, 
the U. S. Air Force’s new propul- 
sion wind tunnel now under con- 
struction at Tullahoma, Tenn. will 
be arranged in two closed loops. 
One loop will provide transonic 
speeds, the other supersonic. Air 
speeds over 2500 mph are expected 
to be realized. 

A common set of drive motors, 
being built by Westinghouse and 
totaling 216,000 horsepower, -will 
power both tunnels. Drive speed 
will be 600 rpm. Two 83,000-horse- 
power synchronous motors, claimed 
to be the largest ever built, and 
two 25,000-horsepower wound-ro- 
tor motors comprise the drive set. 
It is expected that the motors can 


be started and the tunnel readied 
for tests in about 8 minutes. 

A few very large compressors 
are used in preference to many 
small compressors. Complexity of 
control of individual small compres- 
sors is said to outweigh their chief 
advantage of simplified design. In 
addition, fewer parts are required 
with large axial-flow compressors. 
They may also be mounted within 
the tunnel itself. 

Physical size of the compressor 
system has been dictated by two 
factors. An 18-foot disk, it was 
found, was the largest that could 
be forged practically. To avoid the 
classic “boat built in a basement” 
situation, shipping requirements 
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Cross section view of the transonic 
compressor rotor 


‘had to be met. Again, the 18-foot 
disk was found to be about the 
maximum size that could be 
shipped by rail from the East to 
the Westinghouse assembly plant 
in Sunnyvale, Calif. 

High centrifugal loading of the 
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Entire supersonic compressor structural system of 
the new Air Force’s propulsion wind tunnel now 
under construction at Tullahoma, Tenn. Both the 


transonic and supersonic wind tunnels as well as 
the drive motors and controls were desi 
are being built by Westinghouse engineers 


ed and 
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Salary Trends Show Engineering Progress 


In 1929, the engineering grad- 
uate found slim pickings after the 
stock market collapse, but today he 
is making up for the lean years, 
according to Illinois Institute of 
Technology. 

A study made of the economic 
status of IIT engineering graduates 
reveals that members of the Class 
of 1929 currently are earning a 
median salary of $10,000 to $11,000 
a year. 





Before the stock market crash, 
engineering graduates earned an 
average starting salary of approx- 
imately $115 a month. After the 
crash, the few engineering jobs 
that were available paid a mere 
pittance, the survey reports. 

By 1934, engineering graduates 
were receiving an average starting 
salary of less than $100 a month. 
These same graduates today are 
earning a median salary of $8500 


to $9000, according to results ot 
the survey. 

Conditions had improved slightly 
for the 1939 engineering graduates 
who started at an average monthly 
salary of $110. During the inter- 
vening years, their median salary 
rose to $8500-$9000 a year—four 
times their starting rate. 

The advent of the technological 
age and the wartime boom boosted 
the beginning salary average to 
$193 in 1944. In the short span 
of 10 years their median salary in- 


lane lands in offshore waters and taxis to the 
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FLYING LST: A _ bow-loader version of the 
Navy’s turboprop seaplane, the four-engined 
tradewind transport (MACHINE DESIGN, May, 
1954, Page 192), built’ by Convair, can land guns, 
trucks, supplies or an assault company directly onto 
an enemy beach. For an assault operation, the 


Gosth. When the hull touches the sand, the bow 

opens upward, a ramp is dropped, and the loaded 

vehicles or troops debark directly onto the beach. 

To pull away, the pilot reverses the propellers 
and backs away 
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creased to $7500-$8000, the survey 
revealed. 

Salaries continued to spiral, and 
in 1949, IIT engineering graduates 
were offered starting salaries of 


$282 a month. Five years after 
graduation, their initial salary has 
been doubled in many instances 
with the class median at $5500- 
$6000. 


Illinois Tech’s June, 1954, gradu- 
ates are earning an average start- 
ing salary of $363. All-time high 
was reached in 1953 when starting 
salaries averaged $373. 





Wind Tunnel Design Challenges Engineers 


Said to be the world’s largest, 
the U. S. Air Force’s new propul- 
sion wind tunnel now under con- 
struction at Tullahoma, Tenn. will 
be arranged in two closed loops. 
One loop will provide transonic 
speeds, the other supersonic. Air 
speeds over 2500 mph are expected 
to be realized. 

A common set of drive motors, 
being built by Westinghouse and 
totaling 216,000 horsepower, will 
power both tunnels. Drive speed 
will be 600 rpm. Two 83,000-horse- 
power synchronous motors, claimed 
to be the largest ever built, and 
two 25,000-horsepower wound-ro- 
tor motors comprise the drive set. 
It is expected that the motors can 


be started and the tunnel readied 
for tests in about 8 minutes. 

A few very large compressors 
are used in preference to many 
small compressors. Complexity of 
control of individual small compres- 
sors is said to outweigh their chief 
advantage of simplified design. In 
addition, fewer parts are required 
with large axial-flow compressors. 
They may also be mounted within 
the tunnel itself. 

Physical size of the compressor 
system has been dictated by two 
factors. An 18-foot disk, it was 
found, was the largest that could 
be forged practically. To avoid the 
classic “boat built in a basement” 
situation, shipping requirements 
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Cross section view of the transonic 
compressor rotor 


‘had to be met. Again, the 18-foot 
disk was found to be about the 
maximum size that could be 
shipped by rail from the East to 
the Westinghouse assembly plant 
in Sunnyvale, Calif. 

High centrifugal loading of the 








Hydraulic 
Disconnect 
Coupling 





Iris Valve , Rees oo 
. > a. 
— 


Bearing Nacelle 


Stator Iris Valve 


Blades / Rotor 
Iris-Valve Blades 
(By-passing) 


By-pass Shell 


| 








te 


IRSA \ 
Vevey 
AN 







a) 


s 


33 

















Stator 
Torque 
Truss 








Entire supersonic compressor structural system of 
the new Air Force’s propulsion wind tunnel now 
under construction at Tullahoma, Tenn. Both the 


transonic and supersonic wind tunnels as well as 
the drive motors and controls were desi 
are being built by Westinghouse engineers 


ed and 
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Two stator sections of the transonic compressor on the assembly floor. Con- 





plus and minus 15 degrees. 
Bypassing of compressors and 
the direction of air from compres- 
sor to compressor is accomplished 
by giant iris valves up to 35 feet 
in diameter. Similar in operation 
to a camera aperture, they consist 
basically of 24 overlapping leaves, 
each approximately 17 feet long, 4 
feet wide and 10 inches deep. They 
are hinged at the upstream end of 





Cross section of the supersonic com- 
pressor 


one compressor and seated at the 
downstream end of the previous 
compressor. When open, the leaves 
form an approximately cylindrical 
duct leading from one compressor 
to the next. When closed, the air 
from the last operating compressor 
is directed to the bypass shell. Re- 


trollable stator blades have been mounted in the foreground section motely operated flexible disconnect 


disks by the 6-foot-long blades has 
necessitated a bolted-together built- 
up rotor. This centrifugal force is 
calculated to be about 800 tons for 
each of the blades. 
_ Synchronous drive motors have 
been chosen over variable speed 
motors because of the latter’s com- 
plexity and greater cost. Variable 
speed motors, however, are needed 
for starting. Small volumes can 
be obtained with high pressures 
with a constant-speed machine. 
With a variable speed drive, pres- 
sure drops off with volume as speed 
decreases. 

Controllable stator blades are to 
be used to meet the wide variations 
in flow requirements. These flows 
range from 7 to 13 million cubic 
feet per minute at the compressor 
inlets. Mach numbers ranging 
from 1.4 to 3.5 are produced in the 
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couplings have been designed for 
test section. Each blade turns in use with the supersonic compres- 
specially designed bearings, and sor. 
blade angle may be changed by To keep tunnel distortions from 
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Thrust and support system shows how independent mounting will be achieved 
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OIL-RETAINING POROUS BRONZE 


BEARING 


STOCK LIST 
NOW AVAILABLE 


If you play a part in the design, production or maintenance of 
equipment using sintered bronze bearings, or if the job of pur- 
chasing bearings falls within your domain, you'll find a wealth of 
useful information within the 20 pages of the new Compo Oil- 
Retaining Porous Bronze Bearing Stock List No. 4. Bound Brook 
has compiled an easy-to-read list of the most popular stock sizes 
of bearings which are available for immediate shipment. In ad- 
dition the Compo Stock List Brings you up-to-the-minute data on 
bearing application, installation, lubrication and machining. And 
here’s another thought! When requesting your copy of the Compo 
Stock List why not have us send one to your supplier of bearing- 
using components or equipment? It may enable him to make 
savings beneficial to you both. 





























Write for a list of location of local warehouse stocks. 


BOUND BROOK 


BOUND BROOK OIL-LESS BEARING CO., EST. 1883, BOUND BROOK, N. J. 
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disturbing rotor alignment, the ro- 
tors will be supported independent- 
ly of the bypass shell and tunnel 
structure. Weighing 11 million 
pounds, this freely supported su- 
personic compressor system will be 
maintained in accurate axial align- 
ment, yet rigid enough to maintain 
high critical speeds. 

Temperatures as high as 700 F 
are expected in the last compres- 
sor. Thermal expansion of the 
tunnel is restricted to the axial 
direction by guiding the support- 
ing columns. These columns oper- 
ate as large single ball bearings, 
allowing free movement of the 
stator during thermal expansion. 
Axial movement of as much as 5 
inches is expected. 

Lubrication problems caused by 
high temperatures and the problem 
of stopping the compressors after 
a test also highlighted the engi- 
neering development. Of particu- 
lar interest to designers is the ap- 
plication of the detuning technique. 
To prevent dangerous resonant fre- 
quencies, rotor blades were de- 





Shipping of the 18-foot diameter rotor disk from the forging plant in the 
east to the Westinghouse assembly plant in Sunnyvale, Calif. was accom- 
plished by tilting it on a railroad flatcar 


inghous reports this technique has 
never been used before in a proj- 
ect of this magnitude. 


signed to set their natural frequen- 
cies above lower multiples of the 
compressor operating speed. West- 











FIRST U. S. JET TRANSPORT made its initial 
flight recently near Seattle. Built by Boeing and 
designated the 707, this 190,000-pound airplane is 
designed to have a normal cruising speed of 550 
mph. From 80 to 130 passengers will be carried 
at altitudes of between 30,000 and 40,000 feet. 
Four-segment landing flaps can be seen in the 
down position in the view at the left. Mounted in 


streamlined pods below the wings, the four Pratt 
and Whitney jet engines each develop 10,000 
pounds of thrust. Two basic versions of the plane 
will be offered, the Stratatanker military tanker- 
transport, and the Stratoliner commercial airliner. 
They are expected to be capable of transcontin- 
ental nonstop flights in less than 5 hours and 
New York to London service of less than 7 hours 
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New Mobile Air Compressor Gets Quick Emergency Test 


Said to be the first ever 
mounted in railroad cars, the first 
of a series of portable heavy-duty 
air compressors designed for the 
Navy was pressed into service on 
the day of its completion. Built 
by Clarke Bros. Co., the large mo- 
bile plant was rushed to a Naval 





size have been made portable, the 
equipment weighs a total of 138,- 
000 pounds including 500-horse- 
power electric motors, switch- 
board, transformers and cooling 
and lubricating systems. All this 
fitted into a standard 60-foot rail- 
way box car. 





Inside view of the mobile compressor railway car shows how the equipment 
has been compactly installed yet is accessible for maintenance 


shipyard to supply air while sta- 
tionary compressors were being 
repaired. 

Equipped with a pair of heavy 
duty compressors, the unit is cap- 
able of supplying a volume of 5000 
cfm at a pressure of 125 psi. Said 
to be the first time units of this 
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Although labeled emergency 
units, the compressors are de- 
signed for continuous service. 
During its recent emergency op- 
eration, this first plant is reported 
to have worked a regular 8-hour 
shift daily for 42 days. 

(Continued on Page 24) 





IT FLIES: First free flight 
of Convair’s vertical-rising 
airplane took place recently. 
This turbopowered aircraft 
(MACHINE DESIGN, May, 
1954, page 194) was pre- 
viously flown with a speci- 
ally designed tethering rig. 


During this latest series of 
free flights, a maximum al- 


titude of 150 feet was 
reached. Although the plane 
has been designed to fly 
conventionally after taking 
off, horizontal flight will 
not be attempted until after 
preliminary vertical tests 
have been completed 
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The Amerigear’ patented 
fully crowned tooth form... 


--- 1S THE SOURCE OF 


High Misalignment Capac 


ee A ~ ® 
a iN merigear 


COUPLINGS 


@ An engineered application, using advantages of the Patented 
Amerigear HMC* Flexible Coupling, can solve any power trans: 
mission problem arising from: 


@ Excessive lateral and angular @ Space limitations; 
misalignments; @ High speeds and loads; 
@ Tight backlash requirements; | @ Continuous operation; 


or any combination of these 


Comparison with gearing of conven- ously allows for both lateral and 
tional gear-type couplings shows how angular misalignment. Dotted lines 
Patented Amerigear Tooth Form elimi- indicate gear teeth of conventional 
nates tooth end loading and simultane- gear couplings. 


Amer IG OOP oe marae 


Amerigear Tooth Form 
Patented and Patents Pending 





sg 
Mer ‘gear HIGH MISALIGNMENT CAPACITY* COUPLINGS 


ve power transmission 
yblems for wide variety of metal 


rking equipment! 


isapplication a Standard 
e of Amerigear HMC* 
pling is a vital part of the 
p and motor drive units 
h 350-ton capacity Bliss ry ‘ ° 
iro-Dynamic Hot Nosing ’ 
ss. The pump and motor . 

eunit operating at 1200 a 

m. provides hydraulic 
sure to Operate the press 

. Every 10 seconds the operating load transmitted 
eases from 125 h.p. to 150 h.p. and is held for 
roximately 2 seconds—thus, the load being trans- 
ted fluctuates several times per minute. There are 
)pump and motor drive units on this press. This 
typical example of how a Standard Type Amerigear 
IC* Coupling is utilized to solve power transmis- 
problems arising from a fluctuating load, tight 
klash requirement, space limitation, and lateral and 
ular misalignment conditions. 


Engineers are available to assist in engineering special applications of the 
gear Patented Crowned Tooth Form and for adapting Amerigear Standard 
HMC* Couplings to solve your power transmission problems. Write for 

log 501 and Bulletin 1052, or attach coupon to your business letterhead. 


ERICAN FLEXIBLE COUPLING COMPANY 


Originator of the famous Amerigear Patented Tooth Form 
Affiliate: J. A. Zurn Mfg. Co., Erie, Pa., U.S.A. 
SALES OFFICES IN PRINCIPAL CITIES OF THE WORLD 
In Conada: Canadian Zurn Engineering Ltd.,2052 St. Catherine St. W., Montreal 25,P.Q. 
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One of several applications of 
Standard Type Amerigear HMC* 
Couplings installed on Pinch Rolls 
manufactured by Herr Engineering 
Company. In this application two 
Amerigear HMC* Couplings are 
used; one on the rotating shaft 
between the motor and the gear 
reducer, and another between the 
gear reducer and‘the roll end. Herr 
Engineering also use Standard 
Types of Amerigear HMC* Cou- 
plings for their Pay-off Reels, Take-up Reels, 
Slitters and other steel finishing equipment. In 
this application Amerigear HMC* Couplings 
with Patented Tooth Form are transmitting 
power under shock loading conditions. They 
minimize the effect of any lateral or angular mis- 
alignment which may occur, thereby reducing 
maintenance costs to an all-time low. 


Copyright 1954 


Please send me further information regarding 
AMERIGEAR COUPLINGS with the Patented Fully 
Crowned Tooth Form as described in Catalog No. 
501 and Bulletin 1052. 
ait il siete 

\ Company . 


Zone BD ei cenigunstsnke 


Please attach to ‘your business letterbead. 
Dept. MD 619 








Engineering News Roundup 





(Continued from Page 21) 

Difficulty of design is indicated 
by specifications requiring stand- 
ard parts to be used, accessibility 
for maintenance, compliance with 
AAR requirements for unre- 
stricted box car travel, operation 
under wide ranges of temperature 
and high humidity conditions, and 
a restriction that the car and its 
equipment in operation vibrate no 


more than 0.030-inch in any direc- 
tion. 

Rearrangement of cylinders of 
standard compressors enabled the 
use of standard parts in the small 
space. Compact 500-horsepower 
synchronous motors driving each 
of the compressors are mounted in 
the end of the crankshaft with a 
motor bearing built into the com- 
pressor to conserve space. Need 


for a flywheel is eliminated by us- 
ing a properly designed rotor. 
Cooling air is drawn in by cen- 
trifugal blowers. Each compres- 
sor has its own cooling and lub- 
ricating system. Electrical input 
circuits permit operation § with 
power supply of either 4160 or 
2400 volts. Built in screw type 
jacks lift the car off the springs 
and with the ends of the car 


Second Conference on Mechanisms 


Memorial Union Bldg. on the 
campus of Purdue University at 
West Lafayette, Indiana, will be 
the site of the Second Confer- 
ence on Mechanisms to be held 
on October 11-12, 1954. Again 
this year, the purpose of the 
Conference is to better acquaint 
designers and other engineering 


Advance registration is advis- 
able and may be made with the 
special postcard opposite Page 
210 in this issue. 

Fee for the conference is $15 
per person which may be paid 
in advance or at the time of 
registration. All checks ac- 
companying advanced registra- 
tion should be made payable to 


Overnight accommodations are 
not included in the fee or regis- 
tration and should be reserved 
in advance. Lodging is avail- 
able in the Union Club in the 
Memorial Union Building on 
the campus at $3.50 single, 
$4.50 double and $6.00 twin. 
Accommodations are also avail- 
able at the Fowler Hotel in La- 


personnel with the capabilities 
and applications of mechanisms 
in automatic machinery as well to Mechanisms Conference, 
as design of mechanisms for Comptroller’s Office, Confer- 
such applications. Joint sponsors ences, Purdue University, West 
of the Conference are the Me- Lafayette, Indiana. Included in 
chanical Engineering Dept. of the registration fee are one 
Purdue University and the Edi- ticket to the banquet on Mon- 
tors of MACHINE DESIGN and day October 11 and a copy of 
Automation. the Transactions. 


fayette from $3.50. For those 
driving, reservations may be 
made at the Morris-Bryant Mo- 
tel, or Cedar Crest Motel (2-3 
miles north on U. S. 52); rates 
from $4.50 single. Also Green 
Acres Motor Court, 4 miles 
north on U. S. 52 has recom- 
mended accommodations. 


Purdue University and mailed 


Program—Second Conference on Mechanisms 


Panel Group Discussions 
(8:30 p.m.—October 11) 
What is Mechanism Synthesis ? 
Chairman, Prof. A. S. Hall, Purdue University. 
Mechanism Manufacturing Tolerances—How Good? 
Chairman, P. J. Eisele, Warner & Swasey Co. 


Session I__Special Gearing 
(10 a.m.—October 11) 
Welcome 
Prof. H. Solberg, Purdue University. 
Beveloid Gearing 
Albert S. Beam, Vinco Corp. 


Session III—Cam Design Problems 
(9:00 a.m.—October 12) 
Cam Design and Manufacture 
Paul Maker, Bryant Chucking Grinder Co. 
Vibration Analysis of Cams 
C. N. Neklutin, Universal Match Co. 


Session II—Mechanism Performance Analysis 
(1:30 p.m.—October 11) 
Calculating Dynamic Characteristics of Mechanisms 
Prof. B. E. Quinn, Purdue University. 
Predicting Performance of High-Speed Mechanisms 
A. G. Nothmann, Armour Research Foundation. 
Analysis of Mechanisms with High-Speed Photog- 
raphy 
Evan A. Edwards, Eastman Kodak Co. 


Session IV-—Control Mechanisms 
(1:30 p.m.—October 12) 
Straight-Line Mechanisms 
W. R. Kearney and M. G. Wright, Delco Radio 
Conference Banquet Div. 
(6:30 p.m.—October 11) Proportional Control Mechanism 
Toastmaster: Colin Carmichael, MACHINE DESIGN. G. H. Giczewski, Bowser, Inc. 
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clamped to the rails, a firm foun- 
dation is provided during opera- 
tion. 

Besides being available for 
emergency uses, the compressor 
will effect economies at installa- 


tions requiring only a temporary 
air supply. Construction projects 
requiring large air supplies may 
be served without the necessity of 
building a compressor building 
and concrete foundations. 
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BEFORE AND AFTER: New design for scrapless transformer 
laminations is expected to result in lighter weight transformers. 
Developed by Armour Research Foundation of Illinois Institute of 
Technology, these new laminations also give more window space, 
a feature expected to be useful in high-voltage applications. Lower 
no-load current is said to be realized because of the better joints 
that can be obtained. Although not expected to replace conven- 
tional scrapless laminations, the new design will be used to sup- 
plement them in certain applications 





New Transistors 


May Shrink Brains 


Brains, electronic that is, will 
be able to take better advantage 
of the ultraminiature size of 
transistors. Silicon, now replac- 
ing germanium in transistor con- 
struction, is said to afford higher 
Power output and to double op- 
‘rating temperatures. Thus, more 
vacuum tube functions are expect- 
ed to be taken over by these semi- 
conductors. 

First commercial production of 
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silicon transistors is underway by 
Texas Instruments Inc. Produc- 
tion techniques developed by TI 
have permitted assembly line re- 
producibility of these new units. 
Electronic computers now re- 


quiring great amounts of electri- | 
cal power and large cooling sys- | 
tems are expected to be reduced | 


to manageable size. Silicon tran- 
sistors are said to have increased 
reliability and require much less 
power. In fact, 100,000 transistors 
use no more electrical power than 
an ordinary vacuum tube. 


(Continued on Page 30) 
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What do you 
know about the 


Moly-sultide 








LUBRICANT ? 










You may have heard 





about a highly suc- 





cessful solid-film lu- 
bricant which is giv- 





ing remarkable re- 





sults in the shop and 
in the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 











lubrication problems 






have been overcome 







by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
fill in the coupon be- 
low, attach it to your 
letterhead and send 
it off today. 
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A LITTLE DOES A LOT 
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ESNA’sS new 
lightweight product lines 


Design specifications on these complete lightweight lines now available 


All of these new self-locking nut product lines have been approved 


for use on Air Force, Army and Navy aircraft. Look them over—decide 


how much these weight reductions can mean to you. 





we -ESNA BLUE “J's” 
/ 


High strength aluminum-alloy 
nylon insert nuts. Weight 
saving —up to .82 Ibs/100 
pieces. Average 60% * lighter! 


Save 115 ths. per bomber_ on 2 bomber the size 
of a B-52 ESNA Blue “J’s” applied to steel bolts 
and used in place of AN steel self-locking nuts 
would eliminate 115 lbs. of fastener weight with- 
out sacrificing strength! Lubricated to minimize 
thread wear and galling. Hex nuts are offered with 
fiber or nylon locking inserts while anchor and 


channel types of “fixed” nuts are provided exclu- 
sively with nylon to permit extended reusability. 
Completely interchangeable with similar steel 
parts. Available in #6 through 4” sizes. . . in every 
important hex and “fixed” nut configuration includ- 
ing floating basket nuts and straight and curved 
gang channel. 
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ESNA Type NAJ401 
Weight saving—10/32 
size — .64 |lb/100 pieces. 
. 64%* lighter! 


ESNA Type NA401 
Weight saving— 
10/32 size=.51 Ib/ 
100 pieces. 
51%* lighter! 


a 


ESNA Type 12LHA401 
Weight saving—10/32 
size —.41 |b/100 pieces. 
41%* lighter! 
ESNA Type Y 
Weight saving—4—28 
size = .36 Ib/100 pieces. 
40%* lighter! 


—— — am +) 


“Floaters”—When production methods result in the minor 
subassembly misalignments that make floating type nuts 


For Ve’ sizes and above— Here is the new ESNA “12- 
point” nut, a steel part that meets AN365 tensile require- 
ments with significant weight savings in sizes of 4” and 
above. Double hex shape permits design improvements and 
asier installation for locations where wrenching clearance 
s limited. 


desirable, look to ESNA for lighter, stronger parts. Pictured 
are ESNA’s newly designed steel floater and floaters from 
the aluminum Blue “J” and high temperature LH lines. 
Conforming to AN366 dimensions, better performance and 
lower weight have been accomplished without sacrificing 
tensile strength. 


ESNA Type LHA! 
Weight saving—10/32 
size = .39 Ib/100 pieces. 
56%* lighter! 


ESNA Type ZAIW1200 
oom > Weight saving—10/32 
‘“ j * ams . 
f —— size=.25 ney ca 

re 31%* lighter! 
roa 4 


| 


Easier welding of fixed fasteners— Here is a lighter 
stainless steel anchor nut to be used for temperatures up 
to 1200° F. Available with rivet holes or welding nibs. 
Unplated base plate of Type 321 stainless makes it par- 
ticularly suitable for attachment by welding. A second nut, 
designed for temperatures up to 800° F. to meet AN362C 
requisites, is also available. 


fa temperatures to 550° F—ESNA’s new LH lines are 


ghter high-temperature anchor nuts with a completely 
y locking device offering performance that meets Spec 
-N-10 and providing extended reusability. Approval has 
en issued for sizes #6, 8, 10 and 4”. Also available in 
lug, corner, two lug floating basket and gang channel 


») PES 


With these new parts, you can save weight on virtually all aircraft self-locking 
nut applications. Mail our coupon for design specifications. 


Dept. N63-94, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, N. J. 
Please send me the following free fastening information: 


(J Product literature, samples of the following types: 
(C) Please have an ESNA application engineer get in touch with me. 





Name Title 


Elastic Stop Nut Corporation Firm 
of America Street 

















*These are typical weight savings 
compared with earlier ESNA de- 
signs for the same applications. 
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PUMP PROBLEMS 


eee $ 





These New TUTHILL Catalogs 


Give You Complete Data on 





COOLANT, TRANSFER and BURNING 
OILS SERVICE. 


a ane 


CATALOG 101—(Model L 
Series) Mechanically-sealed 
pumps in capacities from 4 to 6 
g.p.m.andpressuresto600p.s.i. 


TUTHILL » 


HIGH PRESSURE PUMPS 





CATALOG 104—(Model M 
Series) Coolant pumps with 
automatic internal by-pass. Ca- 
pacities from 2 to 50 g.p.m. and 
pressures to 15 p.s.i. 


CATALOG 103—(Model CK 
Series) High pressure pumps in 
capacities from 5 to 200 g.p.m. 
and pressures to 400 p.s.i. 


CATALOG 102—(Model C 
Series) General purpose pumps 
in capacities from 2 to 200g.p.m. 
and pressures to 100 p.s.i. 


TUTHILL stevrreo runes 


FOR BUILT-IN APPLICATIONS 


TUTHILL 








be A 


CATALOG 105—(ModelR 
Series) Automatic reversing 
pumps in capacities from % to 
200 g.p.m. and pressures to 100 
p.s.i. 


CATALOG 107—(Type SU) 
Multiple V-belt pumping units in 
capacities from 2 to 50 g.p.m, 


and pressures to 300 p.s.i. 


CATALOG 106—(Types S and 
SA) Stripped pumps for built-in 
applications. Capacities from 4 
to 200 g.p.m. and pressures to 
100 p.s.i. 


Tuthill pumps are of the rotary, internal-gear, positive displace- 
ment type. ‘ 

Any one or more of these Tuthill catalogs are available on request. 
They include individual pump guides to help you 
select the Tuthill pump best-suited to your require- 
ments. Please ask for catalogs by number. 






TUTHILL PUMP COMPANY 


Dependable Rotary Pumps since 1927 
939 East 95th Street, Chicago 19, Illinois 


Canadian Affiliate—Ingersoll Machine & Tool Co., Ltd. 
Ingersoll, Ontario, Canada 


ANSWERS TO YOUR 


Pumps for LUBRICATION, HYDRAULIC, — 
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(Continued from Page 27) 


Space and weight savings are 
| expected to be considerable in air- 
| eraft and missile control equip- 

ment. Miniaturizing the electrical 

amplifying and controlling ele. 

ments with the use of silicon 
| transistors will also make possible 
the elimination of much associated 
equipment because of the reduced 
power demand. 











New System 
Designates All Alloys 






A new system of alloy designa- 
tions for wrought aluminum and 
aluminum alloys goes into effect 
October 1, 1954. Developed by the 
Aluminum Association, the new 
series is expected eventually to re- 
place all previous systems of iden- 
tifying aluminum alloys. 

Confusion brought about by 
many special designations used dur- 
ing World War II will be eliminat- 
ed with the new four-digit index 
system. Users will be able to or- 
der by the same alloy number re 
gardless of the supplier. Temper 
designations remain unchanged. 

General grouping of the alloys 
under the new four-digit system is 
as follows: 


































Description Index Number 

Aluminum—99.00% minimum or 
FASE eee 

Aluminum alloyed with: 
Copper eceeeacs 2XXX 
ewe ew ee ceed idee ieee 3XXX 
Silicon 4XXX 
Magnesium er er ee 
Magnesium and silicon .......... 6XXX 
Zinc 7XXX 





Other SEERA ALE LAE 
WE EEE. ctcewececndsncecanece 














The first digit of each designa- 
tion indicates the general group 
to which a given alloy belongs, by 
major alloying element. Minimum 
aluminum percentage is indicated 
by the last two digits. Any modifi- 
cations in impurity limits are desig- 
nated by the second digit. If the 
second digit is zero, it indicates 0° 
special control on individual im 
purities. A prefix X is used for 
experimental alloys. 

To aid in the transition from 
designations previously used to the 
new system, many of the old num 
bers are retained as the last tw? 
digits of the new numbers. Thus, 
alloy 3S becomes 3003; 24S be 
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comes 2024; and 61S becomes 6061. 
Additional designations, should 
they be needed, can be provided 


New Designations for Common Alloys 





New Old New 





soe S200 
--- 3003 
. 3004 
2011 
eee 2017 
. 2018 
2024 
2025 

. 4032 





by the unused 9XXX series. There- 
for, the system is said to be not 
only fully adequate to meet exist- 
ing needs, but is sufficiently flex- 
ible to meet industry’s future needs. 





eee SONICS AND ELEC- 
TRONICS are being used to meas- 
ure and control the viscosity of fluid 
mixtures. First application of the 
system is to blending fuel oil. Vis- 
cosity of the blend is measured by 
a Bendix Aviation Ultraviscoson unit 
which utilizes a probe vibrating at 
ultrasonic frequencies. Amount of en- 
ergy absorbed. by the fluid from the 
probe is proportional to the viscosity. 
Information fed from the probe to 
a Minneapolis-Honeywell electronic 
control unit automatically opens and 
closes a valve to maintain correct 
viscosity. 


Power Steering 
Fits in Steering Column 


A new power steering gear de- 
sign incorporates all parts except 
the oil pump and reservoir into 
the steering gear housing. Size of 
the unit compares with that of a 
conventional steering gear. De- 
velopers of the gear, Chrysler 
Corp., have labelled it “Coaxial 
Power Steering.” 

In addition to reduced size and 
ease of installation comparing to 
that of a conventional steering 
gear, other advantages are claimed 
for the coaxial unit. Fewer parts 
are said to promise longer life with- 
out major adjustment and to re- 
duce the probability of malfunc- 
tion or failure. Lighter weight, in 

(Continued on Page 36) 
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JTH HARD 
AND SOFT 
SOLDERS 


new single metallic coating on refractory ceramic 

des a surface to which solders with melting points 

F. to 1600° F. may be applied. No expensive, 
ate nickel and/or copper plating is needed to form a 
rmly adhering bond with both hard and soft solders. 


w is the time to reexamine your requirements and 
fications. Look to Frenchtown’s new METALLIZED 
RAMICS to save you production time and money. Phone 
write for help on any problem involving the bonding of 
eramics to metal parts or ceramics to ceramics. 


*Patent Applied For 


PORCELAIN COMPANY 


88 MUIRHEAD AVE.... TRENTON 9, N.J. 





More Turns For The Worm 


on Fafnir Ball Bearings 






































a) 


Heavy-Duty Batt Grinper. 
Hundreds of bearing applica- 
tions in Fafnir’s own plant pro- 
vide case studies for research 
and development. They also 
contribute practical knowledge 
to the pool of Fafnir experi- 
ence that’s over 40 years long 
and industry-wide. 


The diagram illustrated above shows how 
the worm gear drives on heavy duty ball 
grinders are made. Special attention is 
focused on the ball bearings because they 
are subjected to terrific axial pressures dur- 


ing grinding operations when balls pass be- — 
tween grinding plates and grinding wheels. 








The effectiveness of this bearing applica- 
tion is a matter of record. On the worm gear 
shaft illustrated, the duplex pairs of bear- 
ings have been in operation for 16 years 
without replacement . . . protecting the FA F ag z RR 
worm gear by rigidly locating its shaft and 
affording adequate carrying capacity for BALL BEARINGS 


the combined radial and heavy thrust loads. (2 
If you have similar equipment, maybe we MOST COMPLETE Ks LINE IN AMERICA 
can help extend its service life. The Fafnir 


Bearing Company, New Britain, Conn. 
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T LET Tt 
ONES 
UU! 


F ai (or the small ones either!) 
@ We can supply Socket Head Cap 

Screws in any length you want up to 

3” in diameter . . . because we 

have blanks for these big babies 


@ 1%” and 1%” diameters, individually 
packaged, are standard in all 
listed lengths — Right from Stock! 


Always quickly available 


HOLO-KROME 
: Completely lolld Forged. through HOLO-KROME 
S ole @ em Led |, A ie Authorized Industrial Distributors 


THE HOLO-KROME SCREW CORP. e HARTFORD 10, CONN., U.S.A. 
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The Swing is to 


Durakool 
Factory Set 
Timer Relays 


No false contacts 
No chatter 
Quiet in operation 
Low in cost 
See telephone directory for local 


distributor or write 


DURAKOOL, INC., Elkhart, Ind. 
50 St. Clair Ave., W. Toronto 


Durakool 


ALL-STEEL MERCURY 


VOmert- 
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(Continued from page 31) 

fact less weight than any other 
integral type production power 
steering gear, is claimed with no 
reduction in strength. 


SECTOR GEAR 


supplies the additional 80 per cent. 
No minimum effort is required by 
the driver before power assistance 
is supplied. Feel of the road is con- 
sistent because of the fixed ratio 


HYDRAULIC REACTION ASSEMBLY 


VALVE OPERATING ROO 


HYDRAULIC PISTON 
LOWER PISTON ROD AND RACK 


Conventional hourglass worm and roller have been replaced by recirculating 

ball nut, ball worm, and rack and sector in coaxial power steering gear. Hy- 

draulic reaction assembly provides “feel” of the road at all times. Rack and 

sector are lubricated by hydraulic oil rather than heavier gear oil or extreme 
pressure lubricant 


Design and construction of the 
steering gear are such that approx- 
imately 20 per cent of the steering 
effort required is provided by the 
driver of the car in which the gear 
is mounted while the power unit 


of driver effort to power assist. 
Cars fitted with the coaxial gear 
have an overall steering ratio of 
16.8 to 1 as compared to a ratio 
of 25.8 to 1 for those using conven- 
tional gears. Total turns of the 


New power steering gear is a completely self-contained unit except for hy- 
draulic pump and reservoir mounted on the rear of the generator. Housing 
is little larger than ordinary steering gear jacket tube 


— 
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f=); FIRST hydraulic GIANT 
cusevonom S8ER,” ~— improvement in 90 years 


pressure 6" forged steel swivel 
joints, the “‘Heart’’ of the 


INTELLI-GIANT. will handle . ry . 
pressures up to 1,000 psi. Made Possible with Cc H i K SA Ne 


Increased efficiency and economy in extracting gold or moving dirt with water 
has been an objective of hydraulic mining engineers for the past 90 years. 
History and experience have proved that water power is unequalled by any 
mechanical devices thus far employed for such purposes. - 
But water under adequate pressures was hard to govern. And man’s devices to 4a we ie , ane 
control both flow and force in placer mining were both crude and inadequate. “ 
The early Hoskins Hydraulic Giants and their successor the Fisher Type 
machine, lacked the flexibility necessary to give complete control in traverse 
and vertical directions coupled with force and flow. 
After 8 years of exhaustive engineering and CHIKSAN swivel joints permit full flow and force of 
‘ ° bef" water thru the INTELLI-GIANT gun barrel regardless 
field testing under the most exacting conditions, of angle. Controls ere hydrevilcelly operated. 
INTELLI-GIANT has selected CHIKSAN 
Ball-Bearing Swivel Joints as the solution to all 
the problems encountered in this unique field. 


: 
ABE 
Vite 


w Anterprise Kellie” on 
WRITE FOR INDUSTRIAL The Flow of prise R 


CATALOG G-4—DEPT. 9-MD Lh UY ff GA, I 
CHIKSAN 6” low pressure swivel joints eliminate 


Sall- Bearing Swivel Joints gasket replacements while handling adequate pres- 
sures from 30to 300 psi. The INTELI-GIANT will trav- 
erse a 320° horizontal are and cover 120° vertically. 

CHIKSAN COMPAWMY e BREA, CALIFORNIA @ Chicago 3, IIlinois @ Newark 2, New Jersey 
Well Equipment Mfg. Corp. (Division), Houston 1, Texas ° Subsidiaries: Chiksan Export Co., Brea, Calif.; Newark 2, N.J. © Chiksan of Canada Ltd., Edmonton, Alta. 
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steering wheel have been propor- 
tionally reduced from 51% turms to 
3%. In the event of a hydraulic 
power failure, the steering gear 
will still function as a mechanical 
unit to control direction of the 
car. 














COMPACT DESIGN 
SAVES UP TO 





PERFORMANCE | 
WITH EXTRA eeeee e e e HEAT AND HUMIDITY 
SAFETY FACTOR! affect electronic brains in about the 


same way as they do us humans 
according to Lt. Cmdr. Benjamin F. 
Emge Jr. of the U. 8. Naval Devel- 
opment Center. To keep the huge 
“Typhoon” computer at the center 
from losing its ability to concentrate 
on the problem, a completely air- 
conditioned housing is used. As an 
additional precaution, weather-sensi- 
tive Minneapolis-Honeywell  instru- 
ments check the brain’s temperature 
and humidity and sound an alarm 
when it develops a temperature or 
becomes too humid. 





















CYLINDERS 





iit tod often Ooh 
















S 
















O' / Now the sensational new T-J Space- 
/ 


maker sets the pace in compact cylinder 
design and efficient performance! 
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{ 
re? ge Or 4 New “Self-Aligning” adjustable oil MACHINE DESIGN 
CIRCULAR HEADS WiTH TIE Roos. / | cushion means faster acceleration and 
. ft better cushion than ever before . . . New ¢ 
OS Se fot T-J Super Cushion Flexible Seals for air Twenty-Five Years Ago ) 
) | { ) { / H insure positive cushion with automatic . 
In% — ~ “| / valve action for fast return stroke. 

SQUARE NEADS WITH TIE RODS More plus features include—heavy wall, This month, on MACHINE DESIG N’s t 

precision honed, hard chrome plated, : ? k 
ss j seamless steel body . . . leakproof cyl- twenty-fifth birthday, a loo § 
es f{ SPACE _ — y Pee ee: — through the first issue emphasizes s 

ee T-J | T-J / SAVED eavy duty, high-tensile, Sard chrome : a " 
ee ~ AIAN V4 ed plated piston rod. Write for bulletin the rapid aaa made = eng! é 

= e- SPACEMAKER provides edditional room for SM-454-2. The Tomkins-Johnson Co., neering and design. Some interest- 
FE iccenneseas easaarnanaarnnaeene seeenanensstte Jackson, Mich. ing contrasts can be found in com- s 
paring such things as modern jet- n 
engine engineering, nuclear physics C 

q WA a 
TO ; KI NS ; j 9° H N S o N and electronic progress with en- n 
A i] HY l CYLIN 5 S CHORS : ° : . 

RIVITORS. Al ULIC CYLINDERS CUTTERS CLINC gineering thinking of the 1929 cra. P 
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Twenty-five years ago this 
month, the first issue of MACHINE 
DESIGN offered its readers a choice 


SEPTEMBER 


1929 


MACHINE 
DESIGN 


as it affects 
ENGINEERING-PRODUCTION~SALES 


‘*. 


Methods - Materials- Parts 





of articles ranging from a discus- 
sion of welding in machine design 
to organizing a design department. 
Comprising a total of 66 pages, 
the magazine led off with an article 
entitled “Adjustments in Auto- 
matic Machines Test Skill of De- 
signers.” This dissertation involved 
the mechanics of an automatic 
bread-wrapping machine and its 
problems with  out-of-tolerance 
loaves. 

“Where can welding be used in 
machine design and how much will 
it cost?” was,the basis of an article 
in which the author announced that 
the public has accepted welding. 

Electronics came into the picture 
in a two page story called “Photo 
Cell in Sorting Machine Excels Hu- 
man Eye.” The author wrote, 
“More and more is electricity be- 
coming a vital factor in machine 
design.” 

Improved methods of gear cut- 
ting were outlined in another pre- 
Sentation showing interesting de- 
sign possibilities using hypoid 
gearing. 

A series titled “Organization and 
Supervision of Design Depart- 
ment” began in this first issue. 
Covering the choosing of person- 
nel, the article emphasized good 
character and pleasing personality 
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ACUSHNET specializes in “precision” molded rubber parts 


custom-engineered to specific requirements. 

Utilizing the most modern techniques, our Engineering Staff 
constantly is developing new approaches to old problems, with 
notably successful results. By ingenious mold designing and skillful 
compounding, yesterday's skepticism of rubber for certain uses has 
changed to complete confidence in this versatile material as ideal for 


applications in countless vital assemblies. 


Consult our engineers on your next pre- 
cision molded rubber job. In the meantime, 
send for a copy of the “Acushnet Rubber 
Handbook", a comprehensive rubber data 


PROCESS COMPANY srcrnce for molded rubber ports. 








elk 


Address all communications to 62 Belleville Ave., New Bedford, Mass. 





THREADED FASTENING TROUBLES ? 


It was a problem making threads hold 
in softer, lighter materials...producing 
threads that would never wear, seize, 
corrode or gall. 


But not since Heli-Coil* Screw Thread Inserts! They make 
weak threads strong and perfect. And they save you weight, 
space and money because you can use fewer, smaller, shorter 
fastenings, smaller bosses and flanges. 

When it comes to threaded fastenings, thousands of manufac- 
turers throughout the world use Heli-Coil Screw Thread Inserts 
to answer their design, manufacture and field service prob- 
lems. Send today for full information, specifications and sam- 
ples. And a Heli-Coil Thread Engineer will be happy to assist 
at your request. 

Heli-Coil Inserts conform to official Military Standards 


MS-122076 (ASG) through MS-124850 (ASG) and others. 
* Reg. U.S. Pat. Off. 


eee ee Se eS SS SSS SSeS eS eS ee eee ee ee ee ee ee ee ee eee oe ee ee es Se 


HELI-COIL CORPORATION 
129 SHELTER ROCK LANE, DANBURY, CONN. 


[_] Please send samples and Bulletin 689—Military Standards Sheets. 
[-] Please have a Heli-Coil Thread Engineer call. 
[_] Send samples and Catalog 


NAME__ 





COMPANY 





ADDRESS. 





city ZONE__STATE @em | 








40 
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as a requisite of a good designer. 
Good furniture and good lighting 
to create confidence and perma- 
nence in the minds of the em- 
ployees was also recognized, 
Framed photographs on the walls 
showing actual machines or prod- 
ucts designed by the company were 
said to foster company spirit. 
Proper selection of castings was 
another subject treated in the 
September, 1929 issue. Beginning 
the article, the author wrote, “The 
designer . . . spans the gap between 
imagination and reality and makes 
actuality of dreams.” 
Money-conscious designers were 
treated to a fairly detailed discus- 
sion of belt and pulley costs. Eco- 
nomics of setting tolerances were 
also recognized by another Ma- 
CHINE DESIGN author who wrote, 
“It is believed advisable, in the 
interests of economy and accuracy, 
to consult the engineering, produc- 
tion, and inspection departments 
when setting tolerances.” He 


TURBINE DESIGN may be 
checked visually with this 
transparent nozzle. Used by 
General Motors Engineering 
Staff, the nozzle permits 
study of turbine blade 
shapes and angles for pos- 
sible use in automobile 
torque converters and auto 
matic transmissions. High 
speed photos can be taken 
under actual flow conditions 


MERRIE SE ARNON 
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stressed co-operation in this mat- 
ter. 

Activities of the American 
Standards Association were fea- 
tured prominently, indicating the 
increasing importance placed on 
industrial standardization. 

Regular departments starting in 
this first issue included “Scanning 
the Field for Ideas.” Featured was 
a machine in which electricity was 
used for something besides supply- 
ing motive power or generating 
heat. Electrical impulses were used 
to operate a stock-ticker type of 
device which, when properly inter- 
preted, registered weight. 

Another regular monthly depart- 
ment was entitled “Review of Note- 
worthy Patents.” Described in de- 
tail was a newly patented machine 
adapted to operations “which here- 
tofore involved disagreeable manu- 
al labor.” 

Extremely interesting was a fea- 
ture called “How is Business?” 
Five charts illustrating various in- 
dexes of industrial activity indi- 
cated mostly new highs in late 
1929. Text of this feature read in 
part, “In spite of record-breaking 
industrial activity, there are no 
signs of excessive inventories—a 
healthy condition.” 





Previews... 


Quiet, Please! 


If you’ve been bothered by stutters, 
crackles or blurred images on your 
TV set or radio, you can sometimes 
blame a designer who hasn’t incor- 
porated effective electrical noise sup- 
pression in his equipment. Electrical 
noise is easy to eliminate, as indi- 
cated in the article on Page 161, al- 
though detective work involved in 
finding the cause may require the 
skill of a Sherlock Holmes. But 
stringent Federal regulations, and 
often efficient functioning of the de- 
Vice itself, make it an important fac- 
tor to consider. 


Neither Heat nor Cold... 
Silicones, like postmen, are par- 
ticularly adapted to all kinds of 
weather. And silicones, like postmen, 
are often required to “carry the mail” 
in a wide range of ambient tempera- 
tures and conditions. Reason is, as 
T. A. Kauppi’s article on Page 176 
Points out, that silicones have excep- 

(Continued on Page 44) 
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BUILD YOUR 


BUSINESS 


ALONG THESE LINES 











a 


with BUR 





Automatic Lubrication 


By incorporating the Bijur System into 
your designs, you can offer substantial 
operating economies which progressive 
users now demand. For example, in 
the metalworking field 75% of ma- 
chinery users prefer “built-in” auto- 
matic lubrication on the machines 
they buy. 

Costly hand lubrication is eliminated. 
Production time is saved because ma- 
chines are oiled while in operation. 
Bijur Automatic Lubrication is the 
best friend a bearing ever had. Every 
bearing is automatically fed a metered 
shot of oil at predetermined intervals. 


i Write for literature and engineering data. 


Inaccessible bearings that require reg- 
ular lubrication are never neglected. 


There can be no problem of work 
spoilage or bearing headaches caused 
by over lubrication. 


Leading machine builders have stand- 
ardized on Bijur for a quarter of a 
century. Bijur puts the accent on engi- 
neering design — to satisfy the specific 
requirements of your machines. 


Our engineers can show you how to 
build increased dependability into 
your machines, whether they are in 
production or still on the board. 


® 2370 


<B> LUBRICATING CORPORATION 
Rochelle Park, New Jersey 


Pioneer tn Arudomilic lLubucalion 














FOUR:: 


COMPLETELY NEW 
LINES OF HYDRAULIC 
PUMPS WHICH GIVE 
YOU FAR MORE IN 


PERFORMANCE AT 
FAR LESS IN COST! 


Pumps to give new life to existing equipment... to im- 


prove performance, increase capacity! 


Pumps that afford the design engineer the basic equip- 
ment for entirely new concepts in hydraulically oper- 


ated machines! 


S Pumps for machines to do work better, quicker, cheaper! 





THE NEW YORK AIR BRAKE whan an bY 
1106 EAST 222nd STREET* CLEVELAND 17*0HIO \_J/ 


MACHINE DESIGN—September 1954 








MACHINE DESIGN—September 1954 








SERIES H GEAR-TYPE PUMPS 


The HYDRECO Series H Pumps are intended for use in 
the hydraulic systems of heavy-duty mobile and industrial 
equipment, especially where shock loads, impact and 
rugged service are ‘normal working conditions”. Four sizes 
(40, 50, 60, 70 gpm) deliver fluid power at 1500 psi... in- 
creased horsepower gives greater work output. Pressure- 
Balanced wear plates reduce oil slippage and eliminate 
power-robbing frictional contacts. SAE Flange Mounting 
and split-flange hose connections make servicing simple 
and reduce down-time, Equipment is on-the-job longer. 





SERIES PF-100 DOUBLE PUMPS 


WITH VALVE PANELS 


DUDCO PF-100 Series Double Pumps with Valve Panels 
are versatile units unmatched as a source of Controlled 
Fluid Power for a wide variety of modern industrial equip- 
ment . . . for 2000 psi operation of circuits calling for a sub- 
stantial variation in pump volume as during “close and 
hold” or “traverse and feed” cycles. The Valve Panel con- 
tains the valving necessary for pressure regulation and 
flow control ... the external part of a system will have less 
valves and controls, reduced piping and fewer parts to 
maintain. Ten capacity combinations with either automatic 
or remotely controlled operation. 


WRITE TODAY... 


Get full particulars on these important 
new developments in hydraulic pumps! 





SERIES PF-100 VANE-TYPE PUMPS 


DUDCO PF-100 Series Pumps can double the value of your 
hydraulic dollar. You get 2000 psi continuous duty, single- 
stage construction for the cost of equal capacity low pres- 
sure pumps... improved equipment design and increased 
machine efficiency without the payment of premium prices. 
These Pumps feature a simplified, 3-unit construction .. . 
the pumping cartridge incorporates the famous DUAL- 
VANE design which provides and assures complete bal- 
ance of all hydraulic pressure loads. These Pumps have 
capacities of 3, 5, 8 and 11 gpm at 1200 rpm. 


5000 PSI 





SERIES PV-600 PISTON-TYPE PUMPS 


DUDCO PV-600 Series Variable Delivery Pumps generate 
continuous duty pressures up to 5000 psi. Two types of con- 
trols match pump output to system demands. A pressure- 
compensated regulator automatically varies the volume in 
response to system pressure. A hand wheel control enables 
an operator to vary the volume during the machine cycle. 
High pressure variable delivery means power is trans- 
mitted without the necessity for an accumulator and with- 
out any wastage of power thru a relief valve. 


| The New York Air Brake Company 
TING Bret 299A Senet 


Cleveland 17, Ohio 
Please send details on 


() SERIES PF-100 VANE-TYPE PUMPS 

(] SERIES H GEAR-TYPE PUMPS 

(] SERIES PF-100 DOUBLE PUMPS WITH 
VALVE PANELS 

() SERIES PV-600 PISTON-TYPE PUMPS 


Name_- 
Address 
City 
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tional temperature resistance (both 
high and low), moisture resistance, 
and electrical characteristics. They 
can also be made in an almost un- 
limited number of material types. For 
instance, the latest seems to be a 
silicone-rubber baby nipple which can 
be boiled to a fare-thee-well without 
losing its succulent chewability. 











Stenography for Mechanisms 


(Mixture of a new “shorthand” nota- 
tion, plus a Sears Roebuck catalog of 
mechanisms, results in a very use- 
ful method for setting up a desired 
motion, Page 167. In the method, 
motion requirements are set forth as 
a symbolic notation, and the catalog 
is used to find mechanisms that per- 
form according to specifications. It’s 
a very systematic approach to an 
often puzzling problem. 


Shake Well Before Using 


A prescription for consumer ac- 
ceptance of a product will always 
include the best in engineering de- 
sign. But industrial design, which 
concerns itself with acceptance of 
good engineering by the purchaser, 





























Supplies of many of the most frequently used types of indus- may be equally important. Certainly, 
trial wire cloth are kept in our warehouse ready for immediate as industrial designer Peter Muller- 
shipment to you. And even if the type you use is not in stock, Munk points out on Page 148, co- 





operation between the two professions 













we can schedule our looms to have your material in your plant is necessary. And, as Mr. M? says, the 
without delay. Any metal or alloy; sizes range from 20 x 250 results are usually well worth the 
mesh up to 4”openings...and accurate mesh count is our pride. effort. 





Tractor Will Supply 


also FABRICATED PARTS  ™ 
| Electricity for Farm Use 


Filter leaves, strainers, sizing screens, etc. We | 
can fabricate most any type of part you need, 
in any quantity. We’ll work from your own 
prints or, if none are available, our Engineering 
Department will draw up prints from your 
description of what the part must do. Once 
you've O.K.’d them, we’ll start production. 






Utilization of the farm tractor 
as a source of electrical power as 
well as mechanical power will soon 
be realized. International Harves- 
ter engineers, working with engi- 
neers of General Electric, are de- 
veloping a new tractor-mounted 
generator to bring electrical power 
to remote points on the farm where 






















Why not have us quofe on your next order for wire cloth in 
bulk or fabricated parts? Write direct or call in your Cambridge 
field engineer. He's listed under “Wire Cloth” in your classified 
telephone directory. 
















FREE CATALOG gives full range of wire cloth available, also 
shows fabrication facilities and includes valuable metal- 
lurgical data. Write for your copy today. 














METAL +++ SPECIAL Department N 
CONVEYOR-—+—+ — METAL Cambridge 9, oy 
BELTS ++TFABRICATIONS Maryland Tractor-mounted generator ts “— 

— from the tractor engine throug 


OFFICES IN LEADING INDUSTRIAL AREAS gears and a pulley to a V-belt «rive 
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work is to be done. 

Under development for six years, 
the unit will supply 220-volt, 3- 
phase 60-cycle current for large 
motors, 220-volt single phase for 
loads such as electric ranges, and 
110-volts single phase for small 
motors and power tools. Continu- 
ous output is expected to be about 
10 kva. 

Mounted on the engine, the unit 
is driven by a V-belt. Generator 
output is taken by a cable. If de- 
sired, the generator may be de- 
tached from the machine when not 
in use. 

Design problems which had to 
be overcome in the development of 





Installation of the mew _ tractor- 
mounted generator showing the V- 
belt drive. Control of tractor-pulled 
farm machinery may be by means 
of a switch on the tractor panel 


the unit were physical size, elec- 
trical output, and versatility. Units 
had to be small, light and compact 
and had to conform to tractor- | 
mounting and farm machinery re- 
quirements. Since they would be 
outdoors most of the time, they 
had to be designed to resist all 
types of weather conditions. Fur- 
ther, they had to be engineered for | 
quick and easy mounting and de- 
mounting. Power connectors for 
example, were adapted from stand- 
ard aircraft apparatus. 

Advantage of the unit is ex- 
pected to be in the operation of 
farm machines pulled by a tractor. 
Combines or automatic hay balers 
may be electrically operated, thus 
simplifying control from the trac- 
tor seat. Electric power will be 
available to operate portable saws, 
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«RUST 
ons RUIN... 





* 
















a 


a~s 
















*Zinc alloyed with copper and magnesium to meet your temper needs. 


THINK 
ZINC 


Self-Lubricating 
Non-Staining 
Non-Toxic 
Non-Resonant 
Easily Worked 
Easily Finished 
Wears Evenly 
Non-Sparking 


















M & H Zine and Zinaloy is 
available ir sheets and coils. 


Rust means early ruin for thousands of products—un- 
necessarily! Why use material that rusts when Zinaloy* 
costs so little, adds so much to product value, sales ap- 
peal. Available in the temper you need, easily worked, 
durable, and positively rust-proof, Zinaloy* is easily 
finished, attractive unfinished. For a dramatic product 
improvement, for a new sales feature, use Zinaloy*. 













MATTHIESSEN & HEGELER ZINC COMPANY 


General Offices & Works—LaSalle !2, Illinois 
Eastern Sales Offices: 3415 Woolworth Bidg., New York 














| News Roundup 











the NEW miniaime . 





























electric drills, welding equipment P 
’ | or temporary lighting installations. ; 
ALL-METL Ps ; P 
eee | " 
| @ @ e COLORED TV, not color Ci 
7 = TV, has been made available by 
| Motorola Inc. in the form of guily Ct 
BARRY MOU NT colored plastic television set cabi- n 
nets. Colors offered are Tan, Drift- ] 
—"* i a ote cee bsp iggy ee is 
eulow an vocado green. LWcago 
UNITS SHOWN ACTUAL SIZE Molded Producis Corp. is making oe a 
cabinets of Plaskon urea which is 
said to be colorfast, easy to clean, 1 
non-electrostatic and a good insula- ni 
tor. a 
Ic 
Announces New ’ 
Supertough Steel 
Steel, having a minimum yield . 
strength three times that of the . 
ordinary mild-carbon variety, was u 
announced recently. Known as . 
Carilloy T-1, this new product was c 
developed by U. S. Steel research- : 
ers. - 
Important point in its applica- 7 





tions is said to be the possible 
elimination of stress relieving. 
During recent tests, both stress- 
These new isolators are relieved and _ nonstress-relieved 
the latest addition to the famous welded pressure vessels failed at 
Barry ALL-METL line. A the same internal pressure. Elimi- 



















































They are specifically designed to help you meet miniaturization demands nation of this special heat treat- 
under toughest environmental conditions. ment after fabrication is expected U 
Temperature range — from — 60°C to +175°C to make possible larger field-fabri- fi 
cated vessels. For example, a pro- Ww 
Weight — only 14 ounce per unit isolator ‘ 
Height — only 114, ” free, 25/32” bottomed = 
Load ratings — 0.1 to 3.0 lbs. per unit isolator s( 
Performance — meet all relevant requirements of th 
JAN-C-172A/MIL-C-172B 2 
Ruggedized — to meet shock tests under specifications AN-E-19, 8 
MIL-E-5272, MIL-T-5422B, and MIL-C-172B. 
Mounting styles — available in plate and cup types, as . 
illustrated, for 2-hole or 4-hole mounting. ; 
For complete information, ask for your free copy of the new Barry rr 
Product Bulletin 542, containing full installation and performance data. 0 
And for greatest benefits with these new isolators, let our Field Engi- 
neering Service help in the early stages of your equipment design. a 
ti 
p 
722 PLEASANT STREET . 
WATERTOWN 72, MASS. : 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES | “It was bound to come—” b 
British Licensee: Cementation (Muffelite), Ltd., London, England | a te 
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pane storage vessel made of T-1 
may be built to a diameter of 65 
feet and hold 65,000 barrels. Max- 
imum diameter now permitted with- 
out stress relief is 22 feet with a 
capacity of 1000 barrels. 

Carbon content of T-1 is 0.15 per 
cent. Some of the alloying ele- 
ments used are manganese, nickel, 
chromium and molybdenum. Boron 
is added to increase hardenability 
and improve weldability. 

Microstructure is tempered 
martensite. Its inherent tough- 
ness resists brittle behavior under 
adverse conditions, especially at 
low temperatures. T-1’s use in 
power shovels points up its out- 
standing toughness in low tem- 
perature service. 

While T-1 costs about 21% times 
as much as ordinary mild-carbon 
steel, weight reduction results from 
the decreased thickness possible 
for the same working stresses. 
Consequently, freight and handling 
equipment costs are lower. Weight 
savings may also be realized in 
increased payload on barges, ships, 
truck tanks and railroad tank cars. 


New Record Set 


In Aluminum Production 


Record-breaking pace set by the 
U.S. aluminum industry during the 
first half of 1954 was climaxed 
with a quarterly production high 
of 732,515,499 pounds. 

According to the Aluminum As- 
sociation, primary production in 
the first half of 1954 was almost 
20 per cent over that during the 
same period of 1953. 

Increased expansion in the alu- 
minum industry promises even 
greater increases in production. 
Capacity operation of new equip- 
ment is expected to set new rec- 
ords in 1955. 

Considerably more metal is 
available now for civilian and mili- 
tary uses as a result of the greater 
production. New uses in both new 
and established fields are said to be 
developing daily. 


National Metals Exposition will 
be held in Chicago, November 1 
to 5, 1954. A near-record turn- 


MACHINE DESIGN—September 1954 


... another 


JET-HDT FASTENING PROBLEM 
solved ty “22 Lron 


ing nut for installation of rocket, firing 
tubes operating under high heat and 
stress. Nuts were to stay locked under 
extreme vibration and high temperatures, 
yet present no problem on removal. 


solution: Dura-Loc 1200 High Temp 
Nuts successfully met all requirements of 
this spectacular application, and are 
specified by Northrop on all F-89’s now 
in production. The dependable service 
record throughout industry of many mil- 
lions of nuts has proven the safety, reuse- 
ability and labor-saving features of 
Dura-Lock High Temp Nuts. 


problem: The Northrop F-89 all-weather 
interceptor carries large numbers of 
devastating rockets in wing tip pods. 
Northrop engineers required a self-lock- 


3rd of a Series 





Rocketapod of 
North¥@p F-89 
Interceptor uses 
Duratec 1200 
High Témp Nuts 
to provide dependable fastening 
for rocket firing tubes. 

















This is another example of Delron’s long service and design experience at work— 
solving critical fastening problems! 










ance 


| COMPANY. ING, 





ee Southern Avenue, South brane Californie. 


WHAT IS YOUR 1 Clip this ad to your letterhead, 
CRITICAL FASTENING | and mail for product data on 
PROBLEM? | items checked: MD-3 
( Fasteners to 1200°F. operation 
( Fasteners to 1600°F. operation 


| 
J 
] Sandwich structure fastening 
| 
| 
- 




















































Pump manufacturer standardizes 


on LATTICE BRAID* Packing 


for all centrifugal pump models 


*Registered Trademark. Only 
Garlock makes LATTICE BRAID 
rod and shaft packings. 


Peerless Pump Division, Food Machinery and Chemical Corporation, 
Los Angeles, manufactures an entire line of centrifugal pumps. Before 
changing to Lattice Bratp, Peerless regularly received frequent com- 
plaints on packing from their customers. Now that Peerless has stand- 
ardized on Lattice Brarp, complaints are rare. In addition, Peerless 
reports that Larrice Brarp resists the excessive gland pressure often 
applied by uninformed repairmen. The result is that there is less pack- 
ing and sleeve wear. 

Put Garlock Larrice Braip Packing to work for your company. All 
the braided strands of this unique packing are lattice linked together 
into one structural unit. The strands hold together even when the pack- 
ing is worn far beyond the limits of wear of ordinary braided packings. 

Lattice Brarip is made from flax, cotton, asbestos, wire-inserted 
asbestos, Teflon, and asbestos with Teflon impregnation—for various 
types of services. 

Get all the facts about Lattice Braip Packings. Contact 
your Garlock representative or write for new folder AD-131. 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 


Sales Offices and Warehouses: Baltimore ¢ Birmingham e Boston e Buffalo e Chicago ¢ Cincinnati e Cleveland 
Denver ¢ Detroit « Houston ¢ Los Angeles « New Orleans « New York City ¢ Palmyra (N. Y.) ¢ Philadelphia 
Pittsburgh « Portland (Oregon) « Salt Lake City « San Francisco « St. Louis ¢ Seattle ¢ Spokane ¢ Tulsa. 
In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. aN 

{@e_ 


oer 
LATTICE BRAID 
PACKING 


(;ARLOCK 
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out of exhibitors is expected with 
new displays of existing products 
as well as brand-new products. 


ONE-TON magnesium roll- 
ing ingot, left, was contin- 
uously cast at Dow Chem- 
ical Co.’s new Madison mag- 
nesium mill. This ingot, 
rolled on an 84-inch revers- 
ing hot mill, is shown com- 
pared with a 150 pound 
rolling ingot used prior to 
the installation of the new 
mill 


AIEE Membership 
Hits All-Time High 


Membership in the American 
Institute of Electrical Engine«rs, 
reported to be the largest tech- 
nical society of its kind, /1as 
reached an all-time high of 48,515. 

Starting with 71 members in 
1884, the society has increased its 
membership each year except for 
the depression years of 1932-1936. 

Five new sections were author- 
ized by the Board of Directors, 
bringing the total to 105 in the 


MACHINE DESIGN—Seéptember 1954 





we ae ee.lCUTT el lhlUVrFhlC(<iCK  !lClCUF 





News Roundup 





United States, Canada and Mex- 
ico. Eight subsections have been 
added, bringing the total to 60. 











Survey Reveals 
More Salary Data 


Minimum salaries that would be 
offered to graduate engineers was 
the subject of a recent survey con- 
ducted by North Carolina State 
College of Agriculture and Engi- 
neering. In its monthly paper, 
Statelog, the college reported re- 
sults of a questionnaire asking the 
minimum salary each company 
would offer engineering graduates. 

Trend in each field was: 














Numberof Minimum 
Companies Average 














Mechanical ...... 98 $347.40 
Aeronautica] ..... 21 352.19 
Electrica] ........ 72 350.26 
rr 13 347.15 
Chemica] ........ 53 353.26 
Ge. Sneecasaccee 39 342.31 
Construction ..... 16 325.18 
Geological ....... 1 350.00 
Industrial ....... 46 337.30 





ween sene 16 352.50 
seasons pesceceee 11 359.73 





Salaries offered by government 
agencies or TVA were not included 
in the survey. Government agen- 
cies are reported to be offering 
graduating engineers a minimum 
of $3410 a year while TVA is of- 
fering $3875 a year. 










e e e POWER PILL is the desig- 
nation given a new thermostatic valve 
for use in pressurized industrial 
cooling systems as well as those of 
automotive vehicles. Charged with 
a@ wax compound rather than the 
usual volatile liquid or gas, the unit, 
made by Fulton-Sylphon Div., Rob- 
ertshaw-Fulton Co., is said to be un- 
affected by pressure in a cooling sys- 
ten. due to the use of the wax com- 
pound which melts and expands as it 
is heated. 









Sound Waves 
Test Titanium 





Equipment used for the ultra- 
Sonic testing of steel has been 
adapted to test titanium. Republic 
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FOR PROGRESS 
one dependable source ...for 
specialized electrical equipment 


An organization streamlined for maximum efficiency ...a com- 
bination of specialized and diversified talent, experience and 
facilities essential for the development and production of elec- 
trical components and assemblies which meet the fast-changing 
requirements of industry. 

Leach comprehensive experience in research, engineering, 
manufacturing and service, on electrical, electronic and electro- 
mechanical equipment, have constantly been and are still being 
expanded for more efficient operation, stepping up production, 
thereby lowering costs to customers. 

Put this specialized and technical experience to work on your 
specific requirements, to assure the full performance originally 
built into all products. 

For aircraft, commercial and industrial efficiency and safety 

.. Leach has become The Most Trusted Name in Specialized 
Electrical Equipment 
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- PALMER ELECTRIC MFG. CO. 
Subsidiary of Leach CORPORATION 
6629 Bear Avenue, Bell, California of 

50-60-400 Cycle Alternators—Synchronous Motors—DC Generators 














INET 

Division of Leach CORPORATION 
4441 Santa Fe Ave., Los Angeles 58, Calif. 
Power Senplies — Rectifiers — Magnetic Amplifier. Controls 


0 JEFFRIES TRANSFORMER CO. 
n,m [1,1 Subsidiary of Leach CORPORATION 
7 - 1710 East 57th St., Los Angeles 58, Calif. 


Transformers — Windings — Reactors — Toroids — Coils 







































Research 
Development 
Design 

Production 

















~ 5915 Avalon Blvd., Los Angeles 3, California 
District Offices and Representatives in 
Principal Cities of U. S. and Canada 













FURNAS ELECTRIC 


Your 
most 
complete 
‘selection 
in the 
1-50 hp 
range 





NEW “IN-BETWEEN” 
SAVE ON COSTS AND 
UP TO 40% IN SPACE 


SIZES 


Why Pay for Starter Capacity You 


Never Use? Now you can select the 
exact starter size matched to any applica- 
tion in the 1-50 hp range from the nine 


Furnas Electric sizes. 


Many in-between 


sizes cam save you money and conserve 


space. Immediate delivery from stock. 


Same Service, Less Money—Here’s 
an example of how you can save: Suppose 
you want a starter for 10 hp service. It’s 
no longer necessary to select a size 2 rated 
25 hp. You save in cost and up to 40% in 
space by selecting a Furnas Electric type 


YE, the right starter for the job. 


Important Features—1i. Dual voltage 


coils matched to your motor. 


2. Four- 


speed thermal overload protection. 3. Easy 


installation and wiring in shallow case. | 


4. Heavy contacts for long life. 


Complete Range of Other Products | 


—Pressure switches for air and water ap- 
plications. Drum controllers for reversing, 


multi-speed and reversing multi-speed | 


service. 


Write today for Bulletin No. 5402, giving | 


the full story. Furnas Electric Company, 


1045 McKee Street, Batavia, Illinois. 





EURNA'S 


SS S.-i ae 
Batavia, Mlinois 
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Steel Corp., in announcing the 
new technique, noted that they 
are the first steel company to em- 
ploy the method. 

Inaudible sound waves. are 
beamed into the metal samples. 
Echoes that rebound from the in- 


terior of the metal indicate flaws. 
In fact, Republic reports, both ex- 
istence and location of flaws can 
be revealed. 

Titanium will be checked ultra- 
sonically for research purposes as 
well as in production. 





Meetings and Expositions 


Sept. 13-24— 

Instrument Society of America. 
International instrument congress 
& exposition to be held at Conven- 
tion Hall and Commercial Museum, 
Philadelphia, Pa. P. V. Jones Jr., 
1319 Allegheny Ave., Pittsburgh, 
Pa., is secretary. 


Sept. 21-23— 

Society for Experimental Stress 
Analysis. Fall meeting and exhibit 
to be held at the Hotel Bellevue- 
Stratford, Philadelphia, Pa. W. M. 
Murray, P. O. Box 168, Cambridge 
39, Massachusetts is secretary. 


Sept. 27-30— 

Society of Industrial Packaging 
& Materials Handling Engineers. 
Annual exposition to be held at the 
Coliseum, Chicago, Ill. Additional 
information may be obtained from 
society headquarters, 20 West 
Jackson Blvd., Chicago 4, IIl. 


Sept. 28-Oct. 1— 

Association of Iron & Steel En- 
gineers. Annual convention and 
biennial exposition to be held at 
the Public Auditorium, Cleveland, 
O. T. J. Ess, 1010 Empire Bldg., 
Pittsburgh 22, Pa., is managing di- 
rector. 


Oct. 1-2— 

Standards Engineers Society. An- 
nual meeting to be held at Haddon 
Hall, Atlantic City, N. J. F. M. 
Oberlander, P. O. Box 281, Camden, 
N. J., is secretary. 


Oct. 4-6— 

National Electronics Conference. 
Tenth annual conference to be held 
at the Hotel Sherman, Chicago, IIl. 
Conference under the sponsorship 


of the American Institute of Elec- 
trical Engineers, Illinois Institute 
of Technology, Institute of Radio 
Engineers, Northwestern Univer- 
sity. University of Illinois, with 
participation by the Radio Elec- 
tronics Television Manufacturers 
Association, Society of Motion Pic- 
ture & Television Engineers, Pur- 
due University, and University of 
Wisconsin. R. E. Hornacek, N.E.C., 
Publicity Committee, 208 West 
Washington St., Chicago 6, IIl., is 
chairman. 


Oct. 11-15— 

American Institute of Electrical 
Engineers. Fall general meeting to 
be held at the Morrison Hotel, Chi- 
cago, Ill. H. H. Henline, 33 West 
39th St., New York 18, N. Y., is 
secretary. 


Oct. 24-27— 

American Gear Manufacturers 
Association. Fall meeting to be 
held at the Edgewater Beach Hotel, 
Chicago, Ill. John C. Sears, One 
Thomas Circle, Washington 5, D. C., 
is executive secretary. 


Nov. 1-5— 

National Metal Congress & Ex- 
position to be held at the Interna- 
tional Amphitheatre, Chicago, IIl. 
W. H. Eisenman, 7301 Euclid Ave., 
Cleveland 3, O., is managing di- 
rector. 


Nov. 1-5— 

American Welding Society. Na- 
tional fall meeting to be held at 
the Sherman Hotel, Chicago, Ill. 
Additional information may be ob- 
tained from society headquarters 
33 West 39th St., New York 18, 
N. Y. 
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The appointment of Neal L. Cobb 
as chief engineer has been an- 
nounced by the Fellows Gear 
Shaper Co., Springfield, Vt. Mr. 
Cobb was educated at Tufts Col- 





Neal L. Cobb 


lege and joined Fellows as a drafts- 
man in 1926. After working in 
several sections of the engineering 
department, he was made head of 
the cutter design section. He was 
later appointed chief of tool design 
and held that position until his re- 
cent promotion. Mr. Cobb is a 
member of the American Gear 
Manufacturers Association and the 
Metal Cutting Institute. 


Previously assistant director of 
engineering, Richard L. Smirl has 
been named director of engineering 
of Borg & Beck Div. of Borg- 
Warner Corp., Chicago. 


The Radio Corp. of America has 
announced the appointment of 
John L. Franke as chief engineer, 
‘gineering department, of the 
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RCA Victor Radio and Victrola 
Div., Camden, N. J. Concurrently, 
Alexander D. Burt was named man- 
ager of record changer engineering 
and Paul R. Bennett was appointed 
manager of radio and phonograph 
engineering. The three men were 
formerly staff engineers in the 
RCA Victor Home Instrument Div. 


Paul A. Miller has joined Ford 
Motor Co. as manager, manufac- 
turing-engineering, of the Parts 
and Equipment Div. in Ypsilanti, 
Mich. For the last 20 years Mr. 
Miller has been associated with the 
Leece-Neville Co., most recently as 
vice president. 


Given Mfg. Co., Los Angeles, re- 
cently appointed Dr. Clyde A. 
Crowley director of the Develop- 
ment Engineering and Research 
Div. He will direct development 
engineering and research at the 
company’s main plant in Los 
Angeles, as well as its research 
laboratory in Bethesda, Md. 


Fred W. Emhardt has been ap- 
pointed chief engineer of the War- 
ren Div. of Struthers Wells Corp. 
in Warren, Pa. He has been with 
the firm since 1936. 


The Midvale Co., Philadelphia, 
has announced the appointment of 
Howard H. Casey as director of 
engineering. His duties will include 
direction of engineering and re- 
search. 


Two new engineering depart- 
ments have been established by 
American Machine & Foundry Co., 
New York, to replace the former 
engineering department at Buffalo. © 
Robert L. Holloway has been ap- 
pointed chief engineer of the new 





What does 


“$.B." 


mean to you? 





To some, it means Salad 
Bowl and a French chef 


concocting a tasty dish. But, to 
hundreds of industrial design- 
ers, it means Small Balls... the 
precisioneered kind Universal 
makes so accurately for 
smooth operation. 


How small is small? Anything 
from the size of a pinhead up 
to you-name-it. Universal has 
special skills for making these 
perfect peewee pellets. Write 
for details. 


Universal 
Ball co. 


WILLOW GROVE 
MONTGOMERY CO., PA. 
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Townsend has expanded 
its Technical Sales De- 
partment to help you in 
your constant effort to improve 
your product, reduce unit costs 
and speed assembly. Here, a group 
of specialists works as a unit to 
devise the most economical and 
efficient methods of product as- 
sembly for all industry. 

These men can serve you in 
several ways. They will visit your 
plant as fastening consultants to 
your design engineers and oper- 
ating men. They will analyze a 
particular product and design 
special parts for it or suggest use 
of standard products in the as- 
sembly. 

You may want them to study 
your entire production line for 
improved assembly techniques— 
they will even design a single part 
to solve a specific problem. 

Another way to obtain the serv- 
ices of this department is to send 
drawings and samples of specific 
items for suggestions as to how 


TOWNSEND COMPANY Name—— 
Sales Department 
New Brighton, Pa. Company 
Please send Technical Sales Street 
Department Bulletin TL-98. 

City— 





they can be produced more eco- 
nomically. 

Back of the Technical Sales De- 
partment is a company with 
nearly a century and a half of 
wire drawing and cold-forming 
experience. More than 10,000 
standard and special parts and 
fasteners are produced regularly 
by Townsend. 

In addition to the wide range 
of products and design experience 
at your command, Townsend has 
the tremendous capacity to pro- 
duce 60-million pieces a day. This 
means you can depend upon 
Townsend to keep pace with your 
production lines since, in its sev- 
eral plants, there are enough ma- 
chines of any type to handle a 
variety of long production runs 
simultaneously. 

To learn how you may effect 
substantial savings in material 
costs, speed production and im- 
prove your product, write today 
for illustrated bulletin or use the 
coupon below. 





Townsend 


COMPANY - ESTABLISHED 1816 





Sales Offices in Principal Cities 





In Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 


Title — 
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Men of Machines 





Advanced Engineering Dept. and 
Herbert E. Oles has been named 
chief engineer of the Buffalo Prod. 
uct Engineering Dept. Associated 
with AMF since 1946, Mr. Hollo- 
Way was once manager of the 
Buffalo engineering department's 
special products and development 
section. Mr. Oles was formerly 
section manager of product engi- 
neering of the former Buffalo 
plant’s engineering department. 


0. S. McGuffey, who has had 
charge of research and develop- 
ment work in many phases of 
transport refrigeration for Tranter 
Mfg. Inc., Lansing, Mich., has been 
named chief engineer of the firm. 
He will direct all engineering activ- 
ities for the Platecoil Div., where 





O. S. McGuffey 


heat transfer equipment is manu- 
factured, and the Kold-Hold Div. 
where refrigeration equipment is 
made. Mr. McGuffey first joined 
the company when it was founded 
as the Kold-Hold Co. in 1932. His 
engineering experience alsc it 
cludes several years of service with 
the Kelvinator Corp. in Detroit. 


D. H. Apgar has been named 
technical engineer in productio2 
engineering by International Busi- 
ness Machines Corp., Endicott, N. 
Y. He joined the company in 1949 
as a student in the engineeriNg 
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nd training program and was later 
ed assigned to research engineering. 
od- In 1951 he was transferred to pro- 
ted duction engineering as a designer. 


“4 The election of Paul H. Taylor as 
nt a director and vice president in 
rly charge of the Research and Hydra 
: Spring divisions has been an- 
4 nounced by Wales-Strippit Corp., 


North Tonawanda, N. Y. Mr. Tay- 
lor joined the company in 1945 
and since that time has been di- 
ad rector of patents and research. 


)p- 

of 

er T. G. A. Sillers has been pro- 
en moted to chief engineer of the 
m. switchgear department of Allis- 


Chalmers Mfg. Co., Milwaukee. He 
will continue to make his head- 
quarters at the Hawley Works in 
West Allis, Wis. Replacing Mr. Sil- 

lers as assistant chief engineer of 

the switchgear department, J. F. 

Chipman will remain at the Bos- 
- ton Works, where he formerly 
served as engineer-in-charge of 
circuit breaker design. Mr. Sillers 
has been associated with Allis- 
Chalmers since 1926; Mr. Chipman, 
since 1936. 


Mechanical Industries Inc., Pitts- 
burg, has announced the appoint- 
ment of D. L. Edmunds as chief 
engineer. 


Carl W. Kalchthaler was recent- 
ly appointed chief engineer of the 
Hyatt Bearings Div. of General 
Motors Corp. in Harrison, N. J. 
He succeeds H. Ralston Gibbons, 
who has been named technical as- 
u- sistant to the general manager. 





d Eaton Mfg. Co. has appointed 
d J.C. Sprague engineering manager 
ig of its newly created aircraft divi- 
- sion in Battle Creek, Mich. 


The Aviation Gas Turbine Div. 

of Westinghouse Electric Corp., 

d Philadelphia, has been reorganized 
D into six new divisions. New man- 
agers of each department will re- 
Port to R. L. Wells, assistant chief 
engineer of the division. T. A. Daly 
has been named to the newly 
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Combining the functions of two 
parts or more into a single cold- 
headed piece is a routine operation 
at Townsend. It’s an operation that 
will help you simplify design, speed 
assembly and reduce inventory 
problems. This results in improved 
products and lower unit costs. 
The bolt and sleeve above were 
assembled by hand and used to 
fasten a pulley in a household auto- 
matic clothes dryer. It was difficult 
to obtain a tight connection with 
the two pieces, which often resulted 
in excess vibration. Complaints 
and maintenance calls were numer- 
ous. The parts came from two sup- 





pliers which doubled the detail of 
purchasing and inventory control. 

All of these problems were 
quickly solved by Townsend. The 
Technical Sales Department de- 
signed the single cold-headed part 





TOWNSEND WAY—1 PART 




































| How One Townsend Part 
Does The Work Of Two 


shown above which does the work 
of the two pieces. Assembly is 
speeded, purchasing and inventory 
control simplified. The biggest ad- 
vantage, of course, is the tight, per- 
manent connection achieved with 
the Townsend part, which elimi- 
nates a headache for manufacturer 
and dealer alike. 

This is just one typical example 
of how the Townsend method of 
producing cold-formed parts and 
fasteners improves products and 
reduces unit costs for manufactur- 
ers in the appliance industry and 
other industries as well. 

To learn quickly how Townsend, 
as ‘““The Fastening Authority,” will 
work with you to reduce assembly 
costs, ask to have an engineer call. 
For additional information, use the 
coupon below or write for illus- 
trated bulletin. 











| COMPANY - ESTABLISHED 1816 





Sales Offices in Principal Cities 





in Canada: Parmenter & Bulloch Manufacturing Company, Ltd., Gananoque, Ontario 





TOWNSEND COMPANY Name 

Sales Department 

New Brighton, Pa. Company— 
Please send “Special Cold- — 
Formed Fasteners and 

Small Parts’ Bulletin TL-89. City = 
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created position of executive engi- 
neer. G. W. Hardigg will manage 
the advanced development  divi- 
sion; A. H. Redding, the prelimi- 
nary design division; H. B. Saldin, 
the development engine division; 
P. G. DeHuff, the production en- 
gine division. Mr. Daly will tem. 
porarily head the experimental op- 
erations divison, and C. S. Cody 
is manager of the administrative 
control and services division. 

















Associated with Convair since 
1941, K. J. Bossart has been named 
an assistant chief engineer in the 
San Diego division of Convair Div. 
of General Dynamics Corp. He 
will be in charge of engineering for 
a guided missile project. 










STAINLESS STEEL FASTENINGS 
by Anti-Corrosive 









(a> Austin E. Fribance was recently 
ye) SELECTION! Anti-Corrosive has the widest range appointed chief engineer of Ro- 





. chester Mfg. Co., Rochester, N. Y. 
He was formerly associated with 
Western Electric Co. 


of stainless fastenings in the items, sizes and analyses 






you want! 











Don V. Slaker was _ recently 
named chief engineer of the dump 
car department of Baldwin-Lima- 
than 9,000 varieties and sizes of stainless fastenings Hamilton Corp., Philadelphia. 





AVAILABILITY! IN STOCK inventory of more 






means immediate delivery of your needs! Stream- 





Ernest E. Mankowski has been 

lined service on special orders, too! | named chief engineer of Fresh’nd- 
Aire Div. of the Cory Corp., with 

headquarters at the division's ap- 


Ca » . . . pliance plant at Grayslake, Ill. He 
(@>) LOWER COST! Superior production capacity and formerly served as air conditioning 








know-how means Jower costs, helps you stay within engineer for Coolerator Co. 






! 
propection budgets! Formerly chief engineer, J. W. 


McMullen has been promoted to 
the newly created position of vice 
president in charge of engineering 
of Lombard Corp., Youngstown. 







Write for FREE Product List 54E — 
lists complete range of items, sizes and 
analyses available from stock or by spe- 
cial order. 







Rear Adm. Louis Dreller, U. 5 
N. (Ret.), was recently named 
director of engineering of Brad 
Foote Gear Works Inc., Cicero, Ill. 
and its two subsidiaries, Pittsburgh 
Gear Co., Pittsburgh, and Amer 


ican Gear & Mfg. Co., Lemont, Il. 
ANTI-CORROSIVE Adm. Dreller received a B. S. de 


METAL PRODUCTS CO., INC. gree in engineering in 1918 from 


the University of New Hampshire 
- n 
Cattetenen tate, and subsequently graduated from 


New York the U. S. Naval Academy Post 
Graduate School, received a mas 
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solve tough original equipment problems 


Many a knotty power problem has been solved with Gast rotary Compressed 
Air Motors. Just one of these ten inherent advantages may make them ideal 
for your original equipment applications. 







“ 1 Much lower first cost. 6 Amazing compactness for HP 
. delivered. 
. 2 Explosion-proof safety. 7 Light weight—down to % of 






equal electric motor. 






3 Variable speed over a wide 























Louis Dreller range. 8 Smooth-running rotary-vane 
performance. 
“ ter’s degree from Columbia Uni- 4 —e out from over-loads 9 Reversible models provide extra 
y & versity, and was awarded an honor- leat adaptability. 
, wy LL.D. from the University of 5 Four vanes assure instant 10 Dependability for long service— 
New Hampshire. His duties in the starting. little maintenance. | 


Navy included those of production 

officer of the Philedelphia naval 
ly shipyard, during the building of 
Ip the battleships New Jersey and 
a- Wisconsin, and design superinten- 
dent at the same location. He is 
a registered professional engineer 
in the District of Columbia and a 
past president of the American So- 


Now standard equipment on such products as conveyors, hoists, agitators, textile 
machines, hose reels, liquid pump drives, etc., these versatile motors are avail- 
able in four sizes and many design variations for vertical or horizontal drives 
with base or flange mountings. 


INVESTIGATE NOW—Gast engineers will gladly cooperate in arranging for | 
tests on your application. 








|- , 

h cety of Naval Engineers. MODEL 4AM 

- Air Motor with 

e Formerly associated with the in- ae on 

g dustrial engineering section of the pate 
General Electric Co., Schenectady, pace ge thera less muffler. 
N. Y.. M. N. Halberg has been —to % HP rec., to Weighs ap- | 

; named application engineer of the 6,000 RPM. Only prox. 8 Ibs. 

4 aeaves 1 Mot ag 22" x 44", weighs 

a pany’s Large Motor an en- only 1 Ibs. 

; erator Dept. 

e 

4 





Frank L. LaQue has been elected MODEL 2AM Air MODEL 8AM Air 


Vice president of the International 
Nickel Co. Inc. and manager of 
its Development and Research Div. 
He succeeds Thomas H. Wickenden, 
who has attained retirement age 
but will continue to serve the com- 
pany as a consultant on special 
projects. 


Director of engineering research 
and development, Thurston Klay- 
ton will also serve as chief engi- 
heer for Luria Engineering Co., 
New York. 
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Motor with muffler 
— to Y% HP, to 
2,000 RPM. Only 
5%" high. 
Weighs ap- 
prox. 512 Ibs. 












(TO 4H.P.) 
GAST MANUFACTURING CORP., 107 Hinkley St., Benton Harbor, Mich. 


Motor with base, 
— to 4 HP, to 
1,500 RPM. Only 
62" high, less 
muffler, 8Ys” 
long. Weighs § 
25 Ibs. 















(TO 30 LBS.) (TO 28 INCHES) 
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improved fiber gasket 
sealis perfectly with low 
bolt pressure 


To seal a stamped flange under the low bolting pres- 
sures normally available requires a gasket with 
unusual compressibility. 

The gasket for the stamped rocker lever cover on 
this diesel engine is a typical case. The original gas- 
ket leaked because it lacked compressibility and 
squeezed out of position on the narrow flange. 

When the engine manufacturer switched to a 
brand-new fiber gasketing material—Armstrong’s 
CN-705 Accopac®—the leaks stopped. Accopac—a 
unique combination of fiber, rubber, and cork—had 
the required compressibility. And surprisingly, it 
cost less than the material it replaced. 

This superior performance results from the way 
Accopac is made. In a patented modification of the 
beater saturation process, cork particles, fiber, and 
rubber are literally locked together into strong, uni- 


form sheets. The material is highly compressible, yet 
it resists crushing—Accopac compounds withstand 
test pressures up to 100,000 psi, while conventional 
top-grade fiber material often crushes under a load 
of 25,000 psi. 

Gaskets cut from Accopac will not dry out, crack. 
or shrink in any recommended application. The latex 
binder is non-volatile and non-extractable. And be- 
cause Accopac is virtually unaffected by variations 
in temperature and humidity, gaskets retain thei) 
dimensional stability even after months of storage 

Although it is a relatively new material, Accopa: 
has had wide acceptance in hundreds of application: 
where a dependable, low-cost seal is needed. It is 
being used in pumps, engines, appliances, aircraft 
automotive equipment, and a wide variety of indus 
trial applications. Where can you use Accopac? 


ARMSTRONG’S ACCOPAC 
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Challenge for Tomorrow 


WENTY-FIVE years ago this month the first issue of MACHINE DESIGN was 

published. Feeling that our readers may share our indifference toward birth- 

days, especially other peoples’, we don’t intend to devote much space to talk- 
ing about ourselves and our Silver Anniversary. 

The occasion seems rather to call for a brief pause to salute the accomplish- 
ments of our readers, the design engineers whose practical vision has wrought such 
vast changes in our civilization in a seemingly brief quarter century. 

With a few notable exceptions, the scientific principles upon which engineer- 
ing developments still rest were known and had been applied in considerable de- 
gree by 1929. A Rip Van Winkle just awakened today from a twenty-five year 
sleep would first notice such differences as television, automatic home appliances, 
diesel locomotives, automatic production machinery, modern air transports, auto- 
mobile transmissions, and elaborate computing machines. No spectacular new dis- 
coveries are involved here—just the results of persistent and often brilliant appli- 
cation and extension of known ideas and principles whose potentialities were either 
not fully recognized or were awaiting the deft touch of the design engineers, with 
a big assist from the metallurgists and chemists, to translate them into reality. 

But what of the next quarter century? There come to mind, first, the poten- 
tialities of nuclear energy and other scientific principles which have recently ad- 
vanced to a practical stage. But even without these and without possible radical 
discoveries as yet barely imagined it takes little effort to foresee changes even 
more significant than those which it has been our privilege to chronicle—and stim- 
ulate—in our first twenty-five years. 

The previous quarter century, beginning in 1904, had seen such rapid develop- 
ments, engineering and otherwise, that some influential people—not engineers— 
were saying in the early thirties that there were no new frontiers, America is com- 
pleted, and so forth. Fortunately that kind of thinking does not seem to prevail 
today. Wherever we look we see jobs to be done, jobs that call for more mechani- 
zation, automation, and miniaturization, improved economy and performance, exten- 
sions of ideas into industry and the home and on the farm—in a word, jobs for the 
design engineer. 

The design engineer has much more to work with today in the way of mate- 
rials, engineered components and design techniques than in 1929. He has also 
gained considerable standing in his profession and in the eyes of management. His 
opportunities are better and more challenging than ever before. Twenty-five years 
hence we confidently expect to look back on a record of accomplishment that will 


completely eclipse that just completed. 
i , 
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An industrial designer 
gives his views 
on successful co-ordination of . . . 
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By Peter Muller-Munk Peter Muller-Munk Associates, Pittsburgh, Pa. 


QO BJECTIVES of industrial design begin where 


the calculable ones of engineering cease. 

Where the design engineer concentrates on 
the mechanical, operational and performance 
characteristics of the product, the industrial de- 
signer applies himself to their acceptance and ef- 
fect on the human being who, after all, will always 
remain the target of their joint efforts. No matter 
what the product is—a lathe, a refrigerator, a 
printing press or an electronic computer-—in the 
end there are always human beings who will use 
and operate and react to what has been provided. 
It is the design engineer’s responsibility to guar- 
antee the product in terms of its operating and me- 
chanical performance. It is the industrial design- 
er’s responsibility to guarantee their appreciation 
and understanding by the user. 

To the industrial designer, the product is, hence, 
not yet complete in terms of its mechanical effi- 
ciency alone. Efficiency, usefulness, satisfaction 
are terms which have multiple meanings and re- 
quirements which go beyond the logic of engineer- 
ing. Industrial designers consider appearance as 
the composite physical entity through which the 
user of a product reacts to its operation, function, 
safety, maintenance, price, color, size and endless 
other impressions which determine his approval 
or rejection. To say that engineering excellence is 
sufficient for the acceptance of a product, con- 
sidering impulsive human reactions, would be like 
insisting that friendship, love and courage can be 
engineered and produced on the assembly line. 

Based on this premise, industrial design is the 
balancing of all visual and physical factors which 
influence the impact of a product on its user and 
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the emphasizing of those which are of the greatest 
consequence to the appreciation of its value. No 
matter how intricate the mechanism of a product, 
its appearance must prevent it from becoming 
frightening to the operator or purchaser. Its value 
here is simplicity of operation, and the industrial 
designer must convey this impression. On the 
other hand, if the value of a new machine lies 
in its arrangement of automatic controls, the in- 
dustrial designer must focus attention and under- 
standing on this feature. The concept of value is, 
therefore, not exclusively dependent on mechanical 
and engineering elements but on the readiness with 
which the physical appearance of a given product 
is assimilated by the purchaser and user. This ul- 
timate physiognomy of a product is the responsibil- 
ity of the industrial designer. 

Less and less often can detailed understanding 
of the intricacies of engineered efficiency be de- 
pended upon, sometimes even on the part of our 
own management. The complexity of industrial ap- 
paratus and consumer products has today become 
so great that-often few could understand it even if 
they tried. The industrial designer, therefore, at- 
tempts to convey the qualities of design engineer- 
ing through the effect of its appearance. No mat- 
ter how carefully considered the efficiency and 
quality of a machine have been, they will remain in 
doubt if its external appearance looks crude and ac- 
cidental. Disposition of parting lines in castings. 
organization of controls, relation of machined sur- 
faces to painted ones, juxtaposition of different 
materials—all combine to create certain immediate 
impressions which cannot be eradicated by any 
amount of verbal explanation. Control of these im- 
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pressions is again the concern 
of the industrial designer. 

Specific information for prod- 
ucts is usually first defined on 
paper, through working draw- 
ings, layouts and prints. This 
sign language of engineering de- 
termines the operational, me- 
chanical and other characteris- 
tics and functions which later 
become tangible in the physical 
reality of the product. The en- 
gineer uses his drawings to de- 
termine the sequence of me- 
chanical motions of apparatus 
and the sequence and type of 
manufacturing processes. The 
industrial designer, on the other 
hand, is called upon to project 
the visual identity of the engi- 
neering print in terms of size 
and form, of color, of comfort, 
of safety and accessibility, and 
of the composite of all details 
and subassemblies and their ef- 
fect upon each other. 

Much of our equipment has 
today often become so compli- 
cated that it can only be devel- 
oped in steps progressing slow- 
ly from the solution of one 
part or assembly to another un- 
til they are finally connected 
and combined in one coherent 
Structure. 


Practical collaboration between design engineers 
and industrial designers requires clear understanding 
of mutual obligations, responsibilities, and areas of 
competence. Only by working together can the maxi- 
mum potential of each be applied to creating an im- 
proved product. Here, a prominent industrial design- 
er speaks his mind on this important—and often 
controversial—problem of establishing such a success- 
ful working arrangement. 

Executive vice president of the Society of Indus- 
trial Designers, Mr. Muller-Munk has been active as an 






























































industrial design consultant for more than 25 

years. He taught the first course leading to A 
a degree in industrial design at Carnegie | 
Institute of Technology. His industrial de- 
sign experience covers a wide range of 
products—from appliances and cameras to 
machine tools. 












Like giant jigsaw puzzles, design of much of 
our modern equipment is a laborious process of 
isolated concentration and of highly specialized 
skills. It is the industrial designer’s function to 
anticipate the effect of internal layouts on ex- 
terior appearance and the extent to which this will 
express to the user their original engineering ia- 
tent. The industrial designer, therefore, attempts 
to provide a plan which assures orderly and co- 
herent product character and most ready accep- 
tance of its efficiency. 

In order to accomplish this goal, the industrial 
designer assumes that he will receive from the en- 
gineer dependable rules for performance and en- 
durance so that he can convey these convincingly 
to the user. Where the engineer is responsible for 
performance, the industria] designer is concerned 
with the effect of performance. Where the engineer 
determines the base costs of the product, the in- 
dustrial designer is concerned with the effect of 
the product in relation to its ultimate price and 
vice versa. It is the role of the industrial designer 
to give the product character that expresses its 
inherent engineering function at its fullest and at 
its most economical. 

While the general purpose of industrial design 
is today questioned only rarely, the opinion is still 
sometimes heard that the industrial designer’s 
work consists of unnecessary additions to other- 
wise self-sufficient solutions. From this point of 
view, industrial design is an interference with, and 
a reflection on, the absolute authority of engineer- 
ing dominance. Industrial design, however, is a co- 
operative effort. No honest industrial designer will 
be satisfied until he has convinced himself and 
the engineers he is working with that his sug- 
gestions can be accomplished within terms of me- 
chanical and manufacturing economy. Revisions 
and alternatives proposed by industrial designers 
are always focused on the ultimate perfection of 


engineering specifications. As a matter of record, 
the industrial designer is often able to suggest re- 
finements and practicalities which will act as in- 
surance to the products of his engineering col- 
laborators. 

It is axiomatic that the industrial designer must 
be able to comprehend the language and objectives 


. it is the role of the in- 
dustrial designer to give the 
product character that ex- 


presses its inherent engineer- 
ing function at its fullest... 


. the industrial designer 
is called upon to project the 
visual identity of the engineer- 
ing print in terms of size and 
form, of color, of comfort, of 
safety and accessibility . . 














of the engineer, that he must be able to read his 
prints and evaluate the principles of his calcula- 
tions. In addition, he must instill the kind of con- 
fidence, born of actual achievements, which creates 
tolerance and understanding, and his personal and 
professional integrity must be unquestionable. The 
dividing line between the industrial designer and 
the design engineer is often very faint indeed, and 
for jointly developed projects it would be fallacious 
for either profession to claim full credit when it 
should be given to both. 

In order for industrial design to fulfill its func- 
tion, however, it is of the greatest importance that 
engineering take the industrial designer into its 
confidence early, not after the structure of a proj- 
ect is already fixed. The industrial designer must 
be given the opportunity to work with engineering 
from the beginning so that he can contribute to 
the first concept of the product and not only to 
its last irreparable release just before production. 
The character and personality, the operation and 
cost of a product are determined very early—who 
should know that better than engineers—and it is 
precisely at that stage that the industrial designer 
can make his most significant contributions. By 
combining his views with that of engineering and 
production, all three have a chance to contribute 
the most without unnecessary compromise. 

Only when industrial design is recognized on an 
equal level of importance with engineering and sales, 
will it be able to make contributions of equal im- 









industrial design is a 
co-operative effort ... re- 
visions and alternatives pro- 
posed by industrial designers 
are always focused on the ul- 
timate perfection of engineer- 
ing specifications . . . 
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portance. Before this can be accomplished, the in- 
dustrial designer himself must, of course, have 
personal and professional status and maturity. It 
would hardly occur to company management to 
appoint a new, young graduate—no matter how 
promising—to the position of chief engineer. Is it 
not reasonable to assume that similar reservations 
are just as applicable to industrial design? If the 
industrial designer is to be of real help to the fu- 
ture of a company’s products, his experience and 
competence must be assessed by the same stand- 
ards that engineering and management would apply 
to themselves. Before industria] design can be ef- 
fective, before it can perform its function, before 
it can be worth its pay—no matter how generous 
or how modest—it must be respected on the some 
professional level as its collaborators. 

The relation of industrial design to industry is 
part of a logical and inevitable historical process. 
We have gone through three stages in our indus- 
trial development, and it is the last and present 
one which is the culmination of them all. First, 
we saw the transition from centuries of hand- 
craftsmanship to mass production. From there, 
we progressed to the mechanization and perfection 
of the product itself, after the basic principles for 
its large-scale production were solved. Today we 
are moving ahead into the third phase of creative 
industrialization, an era in which man, the human 
being, is again the focus of our attention. We all 
realize that it is the machine that is meant to serve 
man and not man to be the slave of the machine. 
Industrial design has become a profession by de- 
veloping techniques and standards for the human- 
ization of engineering and for the development of 
an industrial environment that is a credit to both 
professions. 
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F LOATING HUB DESIGN in a wheel and caster con- 
struction developed by the Bassick Co. provides a com- 
pact rugged assembly capable of absorbing both hori- 
zontal and vertical shocks. Unlike conventional con- 
structions, the hub is mounted to the carrier frame 
through a bolt axle which is offset from the center of 
the wheel; the outer wheel rotates on roller bearings 
on the outer surface of the hub. In operation, the hub 
is controlled by a flat spiral spring and pivots about 
the bolt axle, producing a rocking or “floating” action 
af q which absorbs shock and impact loads due to surface 
s v4 Le, irregularities and permits the wheel to ride up or change 

0 position in the frame without altering the attitude of 
the carrier. Geometry of the design assures rapid de- 
flection response and recovery on impact, producing a 
snubbing action for continued vibration and eliminating 
bounce and shimmy. 
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Diamond 
grinding wheel 






Hardened steel Sintered carbide 
mounting screw quill 


SinTERED - CARBIDE SHAFTS offer 
maximum stiffness under high static or dy- 
namic bending loads. Providing a modulus 
of elasticity of 94,300,000 psi compared 
with 30,000,000 psi for steel, this mate- 
rial is especially suitable for small-diame- 
ter shaft applications operating under min- 
imum deflection requirements. 


Duar FLOW PASSAGES, com- 
bined in a single tubular section, fa- 
cilitate handling of fluids at different 
temperatures and viscosities and sim- 
plify insulation and maintenance prob- 
lems. In a design developed jointly 
by Hercules Powder Co. and Alumi- 
num Co. of America for steam-traced 
fluid lines, extruded aluminum piping 
of oval cross section is formed with 
an integral crescent-shaped steam 
passage adjacent to the main flow 
line. External jacketing or auxiliary 
heating or cooling lines are eliminat- 
ed by the design which acts to reduce 
material and insulation requirements. 


Ya Diam. 








Steel plug 
brazed to 
quill 


Brazed steel ring 


A good example of the design possibili- 
ties offered is furnished by an overhanging 
grinding quill application in which a con- 
ventional steel quill was replaced by one 
of Kennametal K96 carbide. Deflection un- 
der load was decreased from 0.0075-inch to 
0.0025-inch, reducing the tendency to whip 
and increasing the rate of stock removal. 
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Unirorm PRELOADING of 
bolted assemblies is obtained 
with a novel washer design em- 
ploying two concentric metal 
rings. Developed by Douglas 
Aircraft Co., the washer permits 
accurate control over maximum 
preload and has an inner ring 
which is thicker than the loose- 
fitting outer ring. As the nut is 
tightened, the inner ring is com- 
pressed, producing a binding ac- 
tion between the two rings. 
When the outer ring can no 
longer be moved, the desired pre- 
load has been attained. Modifica- 
tion of washer dimensions and 
material permits variation of the 
load at which binding occurs. 
Need for torque wrenches is 
eliminated by the design which has produced consistent results under compre- 
hensive test conditions; bolt tension preloads averaging 80 per cent of the de- 
sired value have been achieved regularly with only slight deviations. 

















Accurate POSITION- 
ING of overlapping parts 
for welded assembly is ac- 
complished with an align- 
ment technique developed 
by Cadillac Motor Car Div. 
of General Motors Corp. 
Angular shifting of adja- 
cent parts in welding fix- 
tures, due to normal size 
variations within tolerance 
requirements, is eliminated 
through the use of twin 
cone-shaped impressions on 
one part and matching 
holes on the other. When 
pressed together, the parts 
align automatically in the 
correct position, simplify- 
ing the welding operation 
and reducing the possibility 
of human error. 
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Stotor shell and 
thrust assembly 


IDEAS 













F LUD PISTON BEAR- 
INGS for rotating shaft 
assemblies offer high ra- 
dial load capacity and 
eliminate the need for 
precision surfaces or se- 
lective material combina- 
tions. Designed for use 
on a_hermetically-sealed 
pumping unit, the bear- 
ings developed by Allis- 
Chalmers Mfg. Co. consist 
of milled pockets, or pis- 
tons, spaced circumfer- 
entially around a hollow he oe 
shaft mounted in a rotat- piston type beoring shoft 
ing tubular housing. Fluid 

under pressure flows into 

the pockets from the shaft interior through an orifice in 
the shaft wall and leaves through a clearance space between 
the shaft and housing; the fluid in the passage acts to 
“float” the tube concentric to the shaft. Pressure source 
is usually the main pump impeller or a second impeller on 
the same shaft, however, external pressure sources have 
also been successfully employed in a modified form of the 
design. Radial movements of the housing under load af- 
fect the fluid flow through the orifices, creating a pressure 
differential across the pockets and producing a restoring 
force which tends to recenter the tubular housing. Although 
subject to metal-to-metal contact during starting and stop- 
ping, the bearings have been successfully operated under ex- 
tended intermittent running~ conditions without difficulty; 
effectiveness is not impaired by scratches or other surface 
irregularities, as contrasted with conventional hydrodynamic 
sleeve bearings. Suitable for low or high-temperature ap- 
plications, the bearings can be employed with fluids such as 
water, kerosene, mercury, sodium, etc., and, in addition, per- 
mit the use of nonconventional bearing metals such as stain- 
less steel. 
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S\\\\\= TEXTURED METALS 
SANE 


AAA 


\ | | \ \ TTRACTIVE appearance of textured metals 
| { | { | | \ \ | Ais probably their one universally recognized 
\ { | \ | | | | \ characteristic. However, there are certain 
{ { | | | | \ \ other properties of textured or “rigidized” metals 

which make their use as purely structural ma- 
{ { \ \ | \ \ terials attractive to the designer. 


Test panel combining 


meee ood plain As implied by the term “rigidized,” one of these 
i 


characteristics is the rigidity imparted to metallic 
sheet by the deformation which occurs during the 
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“hiding” of finger- 
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\) | i\ i prints, scratches and texture rolling process. This rigidity or strength 
wy to) dents inherent with permits use of lighter-gage metals than would ordi- 
at Be textured metals narily be required in many instances, and can re- 





Small-square patterned trim plate adds a decorative touch 
to this room air-conditioner. Made of aluminum, the plate 
is anodized in a rich gold color. Appearance and mar re- 
sistance were the prime factors in selection of this pattern 
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TRILPAPA Paid 


| : 


Combination light shield, reflector and 


control panel for this stove is decorative, —— —— . 
mar resistant and provides soft, diffused . 1 - eee ree ual, 


lighting of the working area 


sult in weight savings of as much as 100 per cent. 

Increased surface area also results in superior 
heat transfer characteristics because of the larger 
radiating surface. Several patterns have been 
specifically designed for maximum heat transfer 
properties. 

Another of the not immediately apparent prop- 
erties of textured metals is their ability to maintain 
good appearance. Because the surface is patterned, 
and light is highly diffused when reflected, dents, 
scratches and fingerprints are not as obvious as 
they would be on a smooth, flat surface. This ap- 


Tubular vacuum cleaner wand of chrome-plated, herring- 

bone-textured carbon steel provides more positive lock- 

ing of assembled sections. Additionally, scuff marks and 

scratches picked up during manufacture do not show 
after plating, eliminating rejects 


ay al dd a ee ll 
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TEXTURED 
METALS 
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plies, of course, to newly manufactured products 
as well as those which have seen service. 


Patterns and Metals Available: Almost any flat- 
rolled metal such as aluminum, brass, copper, 
stainless or carbon steel can be textured. Designs 
of many kinds, both large and small, can be rolled 
into these metals. Straight lines, square, diamond, 
circular, triangular or hexagonal patterns with 
depths ranging from 0.003 to 0.320-inch are avail- 
able. Special designs incorporating product identi- 
fying marks are also possible. Patterns com- 


Camera puts its best face forward with 

face plate of textured metal. Strength, 

rigidity and dimensional stability, as 

well as appearance, are important in 
this application 
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A few of the various tex- 
tured metal patterns available 




















bining striped, textured and/or plain areas are 4 
other possibilities. ‘, 


ri Anodized, oxidized, polished or satin finishes can 
be used. Two-tone effects can be achieved by 
aus filling the recesses of a pattern with a color and 
: nase polishing the high spots. 
@ agge Additional variety in appearance is available 
aq! Pry through perforation of textured metals. Perforat- 
aa ree ing also makes these metals usable as speaker 
aa grilles on radios, television sets and phonographs. 
Ma aaa An 18 per cent opening has been found to be 
Ct | usually sufficient to provide excellent sound 
ae transmission. The perforated metals also make 
| aa Peer et good sound deadeners; either alone or as a decora- 
aq tive covering for acoustical felt or glass fiber. 


————— 





Pattern with alternate textured and plain Designing for Production: Textured metals can 
areas combines pleasing appearance with be formed and fabricated by methods used with 
space for embossed instructions or designa- ordinary sheet metals. They can be sheared, 

tions of control buttons and knobs blanked, punched, drawn and stamped. Riveting, 





soldering, arc welding, spot welding, atomic hydro- 
gen welding or adhesive bonding as well as con- 
ventional threaded fasteners may be used for 
joining textured metals. Only two precautions are 
in order. When joining seams, the pattern should 
be matched for appearance sake. When draws deep- 
er than 1 inch are made, some distortion of the 
pattern will result. If the distortion is not ob- 
jectionable, deeper draws can be made. 













» » » 





Special trademark motifs can be used to pro- > & » » 


vide product recognition and strong, mar 


resistant parts - +} > > } 






> > > 3 y » » > ’ 


> » > > » Dimpled pattern is functional. Dimples 
serve as spacers for sheets placed one 
> > > » atop the other for heat insulation 
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RIVETED by conven- 
tional procedure, this 
shipping container of 
textured metal retains 
structural strength and 
weighs 53 per cent less 
than similar container 


of flat sheet 
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PERFORATED AND 
DRAWN textured metal 
grille. No pattern distortion 
of textured metals occurs 
with draws to 1 inch in 
depth. Greater depths are 
possible if moderate distor- 
tion is not objectionable 


TEXTURED METALS 


Conventional fabricating methods 
were used to blank, stamp, punch, 
form and weld this television 
chassis. Light weight, rigidity and 
excellent heat-radiating proper- 
ties of textured metals are con- 
siderations in selecting  tex- 
tured metal for this application 


SPOT-WELDED to an angle, 
this piece of textured metal 
shows no marring from clamp- 
ing between the welding elec- 
trodes. Copper wire braid 
placed between electrode and 
textured metal formed a nest 
to eliminate pattern distortion 


WELDING AND SOLDERING 
by normal methods may be used 
to join flat sheets or seams of 
rolled cylindrical forms. For best 
results patterns should be matched 
along the joints. Sheared edges 
produce better results with deep 
patterns. Lock seaming can also 
be performed in the usual way 













Rotating 
spool ~ 


Lug position 
for left-hand 
operation 








Plastics Fishing Reel 


Is Ambidextrous 





IGH-impact Bakelite polystyrene plastic is used to mold 

reel cap, rotating spool case and stationary spool of a 
low-cost spinning and casting reel made by Air Light Prod- 
ucts Co. A simple adjustment allows the reel to be used by 
either right or left-handed persons. Weight of the reel is ap- 
proximately 5 ounces. Molded-in metal grommets and bushings 
are used at wear points and the rotating spool revolves on a molded-in shaft. 
Star wheel adjusts friction between the handle shaft and spool-drive gear and 
can be set to correspond to the breaking strength of the line being used. The 
pick-up pin, visible through the opening in the case, is retracted when casting by 
backing off slightly on the operating handle. Placing the thumb on the rotating 
spool stops the line and removal of the thumb releases it. 


Rotating spool is driven by two to one ratio gears for retrieving the line. 
A small lug splined to a sleeve on which the driven gear is also splined drives 
the rotating spool through a pick-up plate which is free to slide in its recess in 
the spool for about 4-inch before it starts to drive the spool. The pick-up pin 
welded to the end of the pick-up plate is either extended or retracted by sliding 
of the plate. Removal of the cover, which 
is semiflexible and snaps into a groove in 
the main housing, gives access to a nut 
which holds rotating spool and pick-up 
plate on the shaft. Pulling out the gear and 
lug and reversing the position of the lug 
in the pick-up plate reverses direction of 
rotation required to extend the pin, pick 
up the line and reel it in. This change con- 
verts the reel to either right or left-hand 
operation. 


Pick-up pin 





Pick-up piate 


Lug position 
for right- 
hand 
operation 
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Rotating 
spool 












Cover 




















Drive-gear, driven by friction 
between face and disk which 
is integral with handle shaft 










Driven gear 
Handle 


Stor wheel 
we 
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Rapidly expanding use of electric and 
electronic equipment, accompanied 
by tightening government 

regulation, have emphasized the need 


for awareness in design of the 
fundamental problems, concepts and metieds of | 


ELECTRICAL NOISE 








By M. B. Ewalt 


Tobe Deutschmann Corp. 
Norwood, Mass. 





NTERFERENCE suppression is necessary if 
maximum reliability and efficient operation of 
commercial and military electronic installations 

are to be attained and maintained. Of secondary 

importance, but nevertheless of considerable con- 
cern, is the nuisance value of the interference 

which may take any form from a minor click of a 

light switch heard in a radio receiver to a distorted 

picture on the television screen, often occurring 
during the most popular programs. 

Electrical noise or, as it is sometimes called, 
radio interference may be defined as conducted or 
radiated electric or electronic disturbances which 
cause an undesirable condition in, or incorrect func- 
tioning of, electronic equipment. The equipment 
could be a radar unit, a navigational instrument, a 
communication receiver, a broadcast receiver or a 
television receiver in which both audio and visual 
presentation are affected. 

Electrical noise is always associated with a vary- 
ing electric or magnetic field and may be produced 
by rotating machinery in which electrical variations 
occur each time the brushes pass from one commu- 
tator segment to the next, mechanical switching in 
electrical control circuits, arcing, nonlinear imped- 
ances, variation in impedances, oscillators, ampli- 
fiers, modulators, pulse generators and other vacu- 
um tube devices. If devices generating electrical 
noise are located in the vicinity of receiving equip- 
ment, interference will be experienced when these 
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devices are being operated. Interference may re- 
sult from conduction or radiation. The most pro- 
lific sources are listed in Table 1. 

Electrical noise suppression is needed when: 


1. Radio frequency energy, generated at any fre- 
quency in the radio spectrum other than the 
authorized frequency, interferes with radio com- 
munication services. 

2. Radio frequency energy, generated at any fre- 
quency in the radio spectrum, is conducted 
over the associated power lines of equipment 
and produces a signal in excess of 10 micro- 
volts when measured at a distance of 50 feet 
from the power line at a point one mile from 
the equipment. 

3. Electric or electronic equipment operating in 
conjunction with other equipment adversely 
affects the performance of that equipment. 


FCC Regulations (Part 18) and Department of 
Defense Agencies specifications such as MIL-I- 
17623, MIL-I-6181-B and MIL-I-16910 are specific 
as to suppression requirements. These references 
also contain data about measurements and limita- 
tions. 


Design Approach: There are many methods of 
suppression in general use. Each device has its 
own particular application, but on occasions many 
have been used indiscriminately to remedy a condi- 
tion without considering the possibility that inter- 
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' Fig. 1—Typical feed-through sup- 

} pression capacitor and basic circuit 

| diagram of the device, which is use- 
Pee! ful for filtering power-supply 
and control - circuit conductors 
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Fig. 2—Typical inductive-capacitor filters and basic circuit diagrams for, 
left, single-circuit type and, right, dual-circuit type. Single circuit types 


are used where a single conductor is involved; dual circuit ty 


are used 


when two conductors, usually a distribution circuit, are being filtered 


ference may have been moved to another frequency. 
This is more or less a trial and error method which 
disregards scientific aspects. There is an explana- 
tion, however, which offers a logical basis for this 
procedure: Magnitude of interference and frequen- 
cy or frequencies at which the interference is pres- 
ent can only be assumed, unless adequate measur- 
ing equipment is readily available and is used to 
determine these factors. 

The logical approach to suppression of electrical 
noise in equipment which has reached production 
stages is to conduct a thorough interference sur- 
vey, utilizing approved types of measuring instru- 
ments. This survey should seek to establish the 
magnitude of interference, the frequency range and 
the location of components in which the interfer- 
ence is generated. If the source is an oscillator op- 
erating in the high frequencies, the chances are 
that it will not interfere at low frequencies. If it is 
a low-frequency oscillator, it may cause interfer- 
ence at the lower end of the frequency spectrum 
and at higher frequencies through harmonics of the 
fundamental. 

Some universal motors cause interference from 
10 kilocycles to well above 1000 megacycles. Peak- 
ing may occur at any point but is usually maxi- 
mum at from 100 kilocycles to 50 megacycles, with 
magnitude in some cases reaching many hundred 
microvolts. Suppression can be accomplished by 
the use of an external filter. The filter is not too 
difficult to install when space limitation is not an 
important factor. When the motor is part of a 
portable tool or an appliance, however, the external 
filter is cumbersome regardless of size. However, 
external suppression techniques are the only solu- 
tion at present. 


Methods of Suppression: The four most common 


162 


Table 1—Common Sources of Electrical Noise 





Source 


Nature of Range 


Interference 


Suppression Data 





Ignition systems of 
motor vehicles and 
gasoline driven aux- 
iliary equipment 
Fluorescent lamps 


Motors 


Neon signs 


High-voltage trans- 
mission lines 


High-frequency in- 
dustrial equipment 


Radiated 1250 ft 


15 ft 
100 ft 


Variable 
Variable 


1000 ft 


Radiated 
Conducted 


Radiated 
Conducted 


Conducted 


Radiated 


Radiated Miles 


Shield ignition har- 
ness and capacitors. 


Line filters. 


Install power line fil- 
ters. 

Install power line fil- 
ters. Eliminate twisted 
conductor terminals. 
Use shielded conductors 
with shield well bonded 


Caused by corona dis 
charge. Increase _ in- 
sulator size. Install 
rain shields to reduce 
conductivity path dur- 
ing bad weather con 
ditions. 

Shield equipment com 
pletely. Filter powe 
lines, 





Fig. 3 — Frequency attenu- 
ation characteristics for three 
typical conventional capacitors 
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methods of noise suppression are: (1) Noninduc- 
tive capacitors, (2) feed-through suppression ca- 
pacitors, (3) filters and (4) application of elec- 
tronic principles. ; 

NONINDUCTIVE CAPACITORS: These capacitors 
have limited application. Selection of a condenser 
is based on a capacitance value giving a resonant 
frequency at or near the peak frequency at which 
maximum attenuation of interference is desired. 
Multiple-circuit attenuation is possible by the use 
of a single container having any number of indi- 
vidual capacitors. 

FEED-THROUGH SUPPRESSION CAPACITORS: Electri- 
cally, these capacitors are three-terminal devices 
which have a through lead connected in series with 
the line to be filtered and a grounded case, Fig. 1. 
Construction is such that cancellation of the ma- 
jor part of inductance normally present in capaci- 
tors of the best construction is accomplished. 
These capacitors are especially useful as filters for 
power-supply and control-circuit conductors going 
to shielded high-frequency equipment. Maximum 
filtering effectiveness, by minimizing mutual induc- 
tance between input interference source and out- 
put terminal, is possible when feed-through sup- 
pression capacitors are mounted in such a way that 
the leads being filtered pass through a shield, bulk- 
head or chassis. 

FILTERS: For these applications, the degree of 
attenuation should be determined. This value can 
be readily found from the expression 


A = 20log 





where A = required attenuation, decibels; V = in- 
terference RF voltage, microvolts; and S = re- 
ceiver sensitivity, microvolts. 

For example, if it were known that an interfer- 
ence RF voltage of approximately 100,000 micro- 
volts were being conducted in the power line of a 
receiver having a sensitivity of 10 microvolts and 
it was desired to prevent interference from the 
source and provide a signal-to-noise ratio of 6 deci- 


Fig. 4—Frequency attenu- 


ation characteristics for 
three feed-through suppres- 
sion capacitors of the same 
capacitance as the conven- 

tional types of Fig. 3 


Attenuation (db) 
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bels, the attenuation required of the filter for the 
power line is, 


= 20 log 104 


100,000 
A = 20 log (——— ) 


= 80 db 


Adding 6 db for the signal-to-noise ratio gives 
the total attenuation required: 86 decibels. Thus, 
the proposed filter must provide greater than 86 
decibels in the frequency range of the interference 
voltages. 

Filters can be designed in both simple and com- 
plex networks, Fig. 2. Units providing attenuation 
of 100 decibels of interference between the frequen- 
cies of 10 kilocycles and 1000 megacycles are of- 
fered by manufacturers. 

APPLICATION OF ELECTRONIC PRINCIPLES: In radio- 
frequency industrial heating equipment and other 
electronic devices, design features often require 
analytical review. Because of the wide range of 
operating frequencies and the variety of applica- 
tions, each problem must be considered individually. 
However, considerations common to all include 
separation of interconnecting cables by shielding 
and bonding to ground; separation of stages by 
shielding; suppression on interconnecting circuits 
between oscillators, amplifiers, modulators and final 
stages; and filtering of voltage circuits, motors, 
servos and other components of the equipment 
which may be a source of interference generation. 

The purpose of shielding is to prevent interac- 
tion of electric and/or magnetic fields between 
equipment components. This objective is usually 
accomplished by placing a metal housing around 
the component and/or conductor to separate them 
from each other or from other similar parts with 
which they are closely associated. Generally speak- 
ing, when shielding is used, primary concern will 
be with confining or restricting the magnetic, elec- 
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tric or electromagnetic field to the limits of a par- 
ticular area. 

Radiation theory and induction theory are com- 
monly accepted as the basis for shielding action. 
In the case of the radiation theory, the shield acts 
as a reflector and also attenuates the energy pass- 
ing through the shielding medium. The energy, in 
the process of striking the metal shielding surface, 
is attenuated by reflection and the remainder is 
greatly attenuated while passing through the metal. 
That part which passes through the shield is then 
reflected back toward the source with a reduction 
during the reflection process. Because of this ac- 
tion it can be seen that thickness and composition 
of shielding material are important considerations 
in obtaining maximum attenuation of reflection 
from the shield, losses during conduction and re- 
sidual radiated energy, to a point where interfer- 
ence could not constitute a serious source for fur- 
ther suppression. 

In the case of induction theory, the interference 
currents and voltages set up interference fields sur- 
rounding the conductor. These fields are composed 
of electromagnetic waves of interference energy 
which induce current in the shielding surrounding 
the conductor. With a perfect shield the fields set 
up by the shield currents are 180 degrees out of 
phase with the conductor fields and cancellation 
results. 

A perfect shield is one that would have no re- 
sistive content in its composition. Since there is no 
perfect conductor, the shielding materials selected 
are those with the smallest amount of resistance, 
such as silver, copper and aluminum. 


Application Characteristics: Effective frequency 
and attenuation characteristics of typical 0.01, 
0.1 and 1.0 microfarad conventional capacitors 
are shown in Fig. 3. In Fig. 4, the attenuation nor- 
mally provided by use of feed-through suppression 
capacitors of similar values is indicated. The curve 
in Fig. 5 shows the attenuation of a filter designed 
for broad frequency coverage. The illustration of 
electronic principles suggests too many possibilities 
for complete coverage here; however, it should not 
be too difficult to visualize the requirements when 
the basic considerations are known. 

Over and above the frequency and attenuation 
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characteristics, the choice of a filter for a specific 
application must also be governed by the following 
requirements: 


1. Current and voltage limitations. 

2. Temperature, humidity and other environmental 
requirements. 

3. Space and weight limitations. 


4. Voltage drop. 
5. Auxiliary factors, such as maximum capacity 


to the container, insulation resistance and maxi- 
mum test voltages. 


General Design Criteria: In selecting a method 
of suppression for a particular application, the fol- 
lowing considerations should be given careful at- 
tention in design analysis. 

1. Consideration of the entire equipment as a sin- 
gle network or source of interference. The inter- 
ference generated during the sequence of operation 
may be intermittent or continuous and from single 
or multiple components. 

2. Magnitude of total interference radiated into 
space with respect to a reference level, the fre- 
quency and the coverage in the frequency spectrum. 
These values in terms of standard units of micro- 
volts/meter/kilocycle bandwidth (peak) are ob- 
tained by the use of measuring instruments with 
frequency ranges between 15 kilocycles and 1000 
megacycles. There are many types and models of 
these instruments available, some approved by gov- 
ernment agencies, others being tested for perform- 
ance and classification. Curve 1 of Fig. 6 repre- 
sents the limits of permissible radiated interference 
allowed by MIL-I-16910 (Ships) specifications. 
When these limits are exceeded, suppression is nec- 
essary. 

3. Magnitude of total interference conducted over 
associated power supply lines and interconnecting 
cables with respect to a reference level, the fre- 
quency and the coverage in the frequency spec- 
trum. These values are also expressed in terms of 
standard units; permissible conducted interference 
is assimilated on Curve 1 of Fig. 7. 

4. Source of interference. This may be a click 
from a switch, commutation from motors, RF 
oscillators, harmonics, etc. Separate levels of in- 
terference are obtained by operating individual 
components while others are disconnected or placed 


db 


Fig. 5—Frequency at- 

tenuation characteris- 

tics for a typical induc- 
tive-capacitor filter 


Frequency (megacycles) 
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in an inoperative state. 

5. Approximate impedance level of line into 
which suppression device is to be inserted. Nor- 
mally, feed-through suppression capacitors and 
filters are designed and tested to work into a 50- 
ohm line. Allowances must be made and perfor- 
mance requirements calculated when the actual 
impedance differs from this value. 

6. Upper and lower levels of cut-off frequencies 
to be suppressed or stopped, and need for high or 
low-pass filters. For example, high-pass suppres- 
sion filters attenuate all frequencies from zero 
to cut-off and pass all frequencies above the cut- 
off point. If the cut-off frequency is 40 megacycles, 
all frequencies above this value would pass and 
all interference at frequencies below this value 
would be attenuated. Low-pass filters pass all 








Peak Radiated Interference (uv/meter/kc bandwidth) 
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Fig. 6 — Above — Curves of 
broad-band radiated interfer- 
ence. Curve 1 represents limi- 
tations established by MIL-I- 
16910 (Ships) specifications; 
Curves 2 and 3, respectively, 
show interference characteris- 
tics of hypothetical equipment 
before and after application of 
suppression devices 


os 


Conducted Interference ( uv/ kc bandwidth) 


Fig. 7—Right—Curves_ of 
broad-band conducted interfer- 
ence, corresponding to those in 


Fig. 6 ‘d 
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ELECTRICAL NOISE SUPPRESSION 


frequencies from zero to cut-off and reject all fre- 
quencies above the cut-off point. If it is desired 
to pass 60-cycles power and reject radio noise 
above 100 kilocycles, a low-pass filter with cut-off 
at 40 kilocycles could be used. 

7. Frequency of oscillators and other vacuum 
tube circuits in which the harmonic radiation pro- 
duces an unwanted signal of interference at other 
than authorized frequencies. Suppression of this 
type of interference is specialized and falls in the 
category of band elimination, in which all fre- 
quencies are passed except those desired to be 
attenuated. The most common method of supres- 
sion is by the use of a wave trap or absorption 
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filter. Shielding is often necessary; the objective 
is to prevent interaction of electric and/or magnetic 
fields between the equipment components. 

8. Exposed interconnecting wiring or conductors. 
These lines may act as a radiator or conductor for 
the interference in a manner similar to that for 
energy radiated from a radio, radar unit or other 
electric or electronic equipment. This type of in- 
terference can be very troublesome. For a solution, 
it is often necessary to combine component filter- 
ing and shielding with separation and individual 
shielding of conductors. 


Application Example: To illustrate how sup- 
pression techniques are applied in practice, it will 
be helpful to assume a hypothetical example in 
which the equipment was a device manufactured 
to meet operating requirements with permissible 
radiated and conducted interference as set forth in 
MIL-I-16910, Curve 1 of Figs. 6 and 7. During 
final testing, the interference levels were measured 
and found to be extremely high, and as shown on 
curve 2 of Figs. 6 and 7. An inspection of the equip- 
ment, in which individual measurements were taken 
on various components, disclosed the following: 
(1) A small universal motor used as a blower for 
ventilation purposes produced 80 per cent of the 
conducted interference; (2) control circuits oper- 
ated by relays produced radiated and conducted 
interference in the form of clicks each time they 
closed, but thereafter no further interference from 


them occurred; and (3) an oscillator tube was giv- 
ing off harmonic radiation. 

A small filter capable of handling the current, 
with attenuation over the frequency range of in- 
terference, was inserted in the supply line as close 
as possible to the motor. Capacitors, resonant at 
interference frequencies from the relays, were in- 
stalled at the relays. A resonant wave trap was 
installed in the plate of the oscillator. 

All of the above operations were measured prog- 
gressively and then as a whole. Overall results 
were satisfactory except for a small amount of 
radiation interference which was traced to an in- 
terconnecting conductor in close proximity to the 
oscillator circuit. This conductor was picking up 
interference from the oscillator by induction and 
was reradiating it as an interference signal. The 
conductor was replaced by a shielded wire and the 
interference level from the equipment was then 
found to be suppressed to a level below the require- 
ments of the specifications. Final measurements 
were as shown on Curves 3 of Figs. 6 and 7. 

The foregoing procedure is typical of suppression 
practices; however, it is not indicative of all the 
problems that would be encountered. Recognition 
of interference problems and their mutual inter- 
action between electrical and electronic systems 
at the time the equipment is in the design stage 
will, if acted upon, alleviate many of the inter- 
ference difficulties encountered after the equip- 
ment is ready for operation. 
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) D emrenpenngs to provide a standardized 

basic machine accurate enough for air- 
craft parts and rigid enough to hold toler- 
ances in heavy work, a new fully auto- 
matic drilling machine made by Hartford 
Special Machinery Co. accommodates up to 
four drilling or tapping units, all of which 
are quickly adjustable radially, vertically 
and circumferentially. This ease of adjust- 
ment and easily changeable cams for pro- 
gramming control allow quick conversion to 
meet engineering changes and the ob- 
solescence of parts. Weighing 17,800 
pounds, the machine has air-hydraulic 
heads which will drill up to 34-inch holes 
in mild steel or 14-inch in stainless steel, 
with interchangeable index plates for 
equal or unequal hole patterns. Spindle 
speeds range from 180 to 6700 rpm, feed 
ranges from 14-inch to 40 inches per min- 
ute. It is adjustable for all factors of 
standard 96-notch or other index plates or 
for intermittent or irregular spacing. Spe- 
cial index set-ups available allow up to 192 
indexes. Capacity ranges from 87-inch di- 
ameter work with 65-inch bolt circle diam- 
eter down to 30-inch diameter work with 
8-inch diameter bolt circle. 
























New Symbolic Notation 


4. 


Catalog of Basic Mechanisms 


By J. Denavit 
Dept. of Electrical Eng’g. 
and 
R. S. Hartenberg 
Dept. of Mechanical Eng’g. 
Northwestern University 
Evanston, Ill. 


DVANTAGES of being able to approach a 
A design problem on a systematic basis are 

well known. A _ systematic procedure is 
fairly direct and allows a study of various com- 
binations of the design parameters to be made and 
evaluated for the most suitable. In kinematics the 
lack of such a general approach has been felt 
keenly. The designer has been forced to study a 
certain mechanism as a single entity; very often 
each mechanism is studied as a separate mystery, 
Without orderly reference to other mechanisms. 
By this method the similarities of apparently un- 
related mechanisms are overlooked, since the study 
is solely involved with a specific mechanism rather 
than its consideration as part of a whole. The pur- 
pose of this article is the study of groups of mech- 
anisms having similar features. 
About three-quarters of a century ago, Reuleaux 
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Method for Deducing 





developed some kinematic concepts that appear to 
be fundamental. They led him toward a symbolic 
notation for mechanisms that he hoped would 
make it possible to completely describe, analyze 
and synthesize mechanisms. This symbolic nota- 
tion could give some idea of the mechanism to 
which it was applied, but since it did not include 
all of the data needed to completely define the 
geometry of the parts of the mechanism or the 
whole mechanism, its usefulness was limited. 
Reuleaux’s concepts concerned the geometry that 
made the mechanism transform one kind of motion 
into another. If a mechanism is defined as an 
ensemble of rigid parts so connected to each other 
that they will transmit motion, then, said Reuleaux, 
the important thing about the mechanism is the 
manner of the connections between parts. (Reu- 
leaux included hydraulic lines as well as belts, 
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ropes and chains. As a first approximation, these 
“parts” are rigid in one direction.) 

The connections between adjacent parts may be 
made by areas that are in contact, as in a journal 
bearing, crosshead, screw, or ball-and-socket joint; 
or the contact may be established by means of 
lines, as with rollers, gear teeth and cams, or by 
point contact as in ball bearings. Since each con- 
nection always involves a pair of contacts, he spoke 
of the connections as being made by pairs. With 
surface or area contact, he called the two surfaces 
a lower pair, each surface being designated an ele- 
ment of the pair. Line or point contacts he called 
higher pairs. 

In this article the concern will be with plane 
mechanisms whose parts are connected by lower 
pairs. It can be seen that this type of mechanism 
will include pairs permitting only translation and 
pairs permitting only rotation. Pairs permitting 
only translation will he called prisms, and pairs 
permitting only rotation will be called revolutes. 
(The words prism and revolute stem from Ken- 
nedy’s translation of Reuleaux.) 


Symbolic Notation. In the symbolic representa- 
tion of a mechanism, the prism will be designated 
by the symbol P, and the revolute by the symbol R. 





Nomenclature 





Prism pair 
Revolute pair 

Distance between successive 2-axes 
Angle between successive 2-axes 
Angle between successive x2-axes 
Distance between successive 2-axes 
Number of degrees of freedom 
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The two elements forming a pair will be distin- 
guished from each other by means of positive and 
negative signs. This notion is illustrated in Fig. 1, 
where the revolute is used as an example. (In this 
example, the negative sign has been arbitrarily 
given to the hollow element.) An interesting prop- 
erty of lower pair elements is their interchangeabil- 
ity, ie., the fact that it makes no difference on 
which part the positive or negative element lies, as 
is also shown in Fig. 1. 

From the practical standpoint it is not conveni- 
ent to make revolute connections in the formal 
manner shown in Fig. 1. They are usually made 
by pin connections as shown in Fig. 2. The ma- 
chine Parts 1 and 2 are connected by the inter- 
mediary of the machine Part 3. On this Part 3 
lie the two coaxial revolute elements R,* and R..°. 
With this arrangement the motion of Part 1 with 
respect to Part 2 is obviously the same relative 
motion that occurs between Parts 1 and 2 of Fig. 1. 

In some situations two lower pairs can be re- 
placed by a single higher pair as shown in Fig. 3. 
Thus, the two lower pairs R and P of Fig. 3a 
permit simultaneous rotation and sliding; the cyl- 
inder in the rectilinear guide, Fig. 3b, allows the 
same type of motion, even though the construction 
involves a higher pair by reason of the line con- 
tacts. 

A plane mechanism is one in which the various 
parts all move in the same or parallel planes; it 
will be convenient to speak of a single plane as 
being the plane in which the motion occurs. 

Position of a revolute is defined by the position 
of its axis of rotation. The position of a prism 
is completely defined by its direction of translation, 
which will be represented by a line called the axis 
of the prism. This prism axis (or line) is not 
unique except for direction; any line parallel to 
the direction of translation may be taken as the 
prism axis. Thus, in Fig. 4, the lines 1,2,3 or any 
parallel thereto, may be taken as the axis. The 
axes of any revolutes of a plane mechanism will 
not only have to be parallel to each other, but 
also perpendicular to the plane of the mechanism. 
Any prism axis will have to lie in the plane, and 
thus will be perpendicular to the revolute axes. 

In mechanisms a machine part always lies be- 
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tween two others which it connects. The connec- 
tions are made at each of the two ends of the part; 
hence for present purposes a machine part is de- 
fined as a rigid body carrying a pair element at 
each extremity. In consequence, while each part 
is a separate entity, it bears the influence of its 
two neighbors because of the connecting pairs; and 
of course it has an influence on its neighbors. At 
any rate, there is the dependency of one part to 
the neighboring parts. Because of this, a part 
must be described in relation to its contacts with 
the rest of the mechanism, and cannot be consid- 
ered completely alone. 

An example will serve to clarify the foregoing 
and also show the relations that exist and need de- 
fining to give a complete description of a mechan- 
ism. The example chosen is the familiar slider- 
crank, Fig. 5; it has four parts and hence four 
connections. 

The four parts are identified in sequence. It 
makes no difference which part is called No. 1. The 
frame has been called Part 1, the slider Part 2, the 
connecting rod Part 3, and the crank Part 4. The 
connections are by means of four pairs—three 
revolutes and one prism—each located by means 
of an axis 2. Each pair also has an 2-axis, per- 
pendicular to its z-axis, and so located that the 
distance between successive 2-axes is measured 
along the pertinent x-axis. 

The numbering has been taken as counterclock- 
wise. Starting at the left end of Part 1 (the 
frame), there is the revolute R,, also common to 
Part 4. The frame, however, forms a rectilinear 
guide with its other end, an element of the prism 
P,. The 2,-axis is the axis of the prism. Note 
that the 2,-axis is perpendicular to the revolute 
axis z, of the preceding Part 4. Part 2 has a prism 
element and an element of R.; the 2.-axis is per- 
pendicular to the preceding z,-axis, and the dis- 
tance along 2x, locates the revolute axis z.. Part 
3 carries two revolute elements; its x,-axis is per- 
pendicular to the preceding z., and goes from here 
to locate the z,-axis. Part 4 also has two revolute 
elements; its 2,-axis is perpendicular to the pre- 
ceding 2,, and serves to locate 2, Next is Part 1 
whose 2,-axis is perpendicular to the z,-axis of the 
preceding part. It is seen that the z-axes which 
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define the direction of the pair axes bear the 
same identification number as the pair and part. 
The x-axes bearing the part or pair number get 
their direction from being perpendicular to the 
preceding z-axis, and the distance between z-axes 
is measured along the x-axis. 

The schematic sketch, Fig. 6a, will facilitate dis- 
cussion of the quantities needed for a symbolic 
description of the mechanism. The distances be- 
tween 2-axes are designated by the letter a. For 
this mechanism the distance between 2, and 2, is 
a,; between 2, and 2; it is a,; between 2; and 2, 
it is ag; and between 2, and 2, it is zero, ie.,a, = 0. 
This last is an interesting situation; note that the 
mechanism as built in Fig. 6b, where the rectilinear 
guide is well away from R, but parallel to the po- 
sition of Fig. 6a would have the same motion as the 
mechanism of Fig. 6a. The distance between 2, and 
2,’ is then a,, and the distance between 2,’ and 2, is 
a,’; these two distances will always differ by the 
amount a,, and it will therefore be convenient to 
set a, = 0. This situation is characteristic when 
the order is from revolute to prism; when going 
from prism to revolute, as from P, to Ry», then a, 
must be accounted for. 

The angle between successive z-axes is designated 
by a. The angle between successive revolute axes 
is always zero, and the angle between a revolute 
axis and a prism axis is always 90 degrees. The 
angle between the z-axes of two prisms may of 
course assume any value. 
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REULEAUX’S DEFINITIONS 


KINEMATIC SYNTHESIS is the deter- 
mination of the pairs, chains, or mechan- 
isms necessary to produce a given con- 
strained motion. 


DIRECT KINEMATIC SYNTHESIS should 
give us immediately the mechanisms 
which are required in each machine to 
effect a given change of place or form in 
its work-piece, or to utilize in it a given 
natural force. It is evident at once, how- 
ever, that we cannot hope to arrive at 
useful results by this method. For our 
analytical investigations have shown us 
that one and the same motion can be 
obtained in different and often many dif- 
ferent ways. The synthesis must there- 
fore either give us a great number of 
different simultaneous solutions to the 
one problem, or must be able to furnish 
us with that one out of them all which is 
the best. The latter is, however, impos- 
sible, for the practical merits or defects 
of each single result lie to a considerable 
extent beyond the sphere of kinematics. 
Two steam-engines, for instance, in dif- 
ferent circumstances may be equally 
good, equally useful, equally “practical”, 
although they may be kinematically very 
different. We cannot expect, therefore, 
to build up any system of general direct 
analysis which can be useful to us. 


INDIRECT KINEMATIC SYNTHESIS should 
give us beforehand the solution of ail 
those problems under which it is possible 
for the given problem to fall; to solve, 
that is, all the problems of machine- 
kinematics in advance. At first sight this 
problem may seem so extended, in fact 
so measureless, that any attempt to solve 
it may appear to be nothing more than 
a mere theoretic proposition. We must 
not forget, however, that some of the in- 
vestigations we have already made point 
to the conclusion that the region covered 
by the problems of machine-kinematics 
is not unlimited. We may remember, for 
instance, the remarkable smallness of the 
number of lower pairs, or the definite 
number of mechanisms which can be 
formed from a given chain. So here also 
we shall find on closer examination that 
ali these kinematic problems lie within a 
region which it is possible for us at least 
to survey. 


—Adapted from Kinematics of Machinery 
—F, Reuleaux, Translation by A, B. W. 
Kennedy, Macmillan & Co., London, 
1876, Pages 527, 528 and 529. 


_-— = «© @ 


Returning to Fig. 6a, the angles between the 2- 
axes are designated by @. For the present mech- 
anism the angle between x, and 2, is 6, = 180 de- 
grees, and the other angles are as shown. 

The perpendicular distances between 2x-axes is 
designated by s. The distance between x, and 2, 
is s, All other distances between successive z- 
axes are zero in this mechanism, and no more need 
be said about them. 

The parameters a, a, 6 and s are sufficient for 
all plane mechanisms. For the slider-crank only 
a, @ and s are needed to completely describe it. It 
must be noted that when the slider-crank moves, 
the parameters a and « do not change although 
the parameters § and s do change. These parame- 
ters @ and s describe the relative position between 
the elements of the FR and P pairs. For this rea- 
son they are called the pair-variables. In the ex- 
ample of the slider crank s, is the pair-variable of 
P,, 6. is the pair-variable of R., 6, is the pair- 
variable of Rz, and 6, the pair-variable of R,. With 
these data, the symbolic representation of the 
slider-crank is given by writing the block diagram, 
Fig. 7. 

Each box or block represents a machine part; in 
the box are indicated the pair elements and the 
parameters defining the machine part itself as well 
as its relations to the preceding part. Since the 
chain of boxes so obtained forms a closed loop, it 
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is seen that the description of the chain may be 
started at any pair element and proceed in either 
direction. 

It is seen that certain of the parameters are zero 
or 90 degrees, and since this is obviously so, the 
notation might be simplified by not writing the ob- 
vious. This is certainly true for this particular 
example, but in general all parameters should be 
shown, for situations more complex than the slider- 
crank will probably require the use of all parame- 
ters. An example of a more complex case is dis- 
cussed in the second, concluding, article of this 
series. 

This way of writing the symbolic representation 
of a mechanism (Fig. 7) is cumbersome, and it 
will be more convenient to use a symbolic equation 





a, a2 a3 0 
90 0} | 0} | 90 
P, R2 | Rg | Ry =1 
0 62) | 83) 04 
mt 
81 0 1 oO} | 0 | 


In this symbolic equation the fact that a positive 
and negative pair element constitute a pair has 
been used. Setting the left-hand side equal to 
unity is convenient since it suggests that the mech- 
anism is closed or continuous. 

Actually the equating to unity has a deeper sig- 
nificance than the apparently arbitrary one of con- 
venience. If to the x and 2-axes already shown a 
y-axis is added to form a right-handed system of 
co-ordinates, each machine part will be equipped 
with its own system of co-ordinates. Successive 
linear transformations from one system to the next 
may be represented by matrices. Since the last 
transformation will return to the (original) co- 
ordinate system from which the first transforma- 
tion was made, the product of all matrices repre- 
senting the transformations is unity; this is the 
real and mathematical justification for the idea. 
As a matter of fact, the symbolic notation may be 
extended to include space mechanisms, and here 
matrix algebra plays a most important part. 


Catalog of Synthesized Plane Mechanisms. The 
term synthesis has become recognized as aptly de- 
scriptive of the systematic design of mechanisms. 
In this article Reuleaux’s definitions (see box on 
Page 170) for (1) kinematic synthesis, (2) direct 
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kinematic synthesis and (3) indirect kinematic 
synthesis are recognized. Additionally, the prac- 
tical application of synthesis is described as (4) 
design of a complete mechanism and will be dem- 
onstrated in the succeeding article. 

A survey as suggested at the conclusion of Reu- 
leaux’s description of indirect kinematic synthesis 
leads to the Catalog of Synthesized R, P Plane 
Mechanisms, Pages 172 to 174. This particular 
survey is limited to plane lower pair mechanisms. 
The grouping or classification represented by the 
Catalog provides a framework or arrangement for 
orderly analysis. The Catalog itself is based on 
the symbolic notation of mathematical character 
developed in the preceding section. For lower pair 
plane mechanisms it 


1. Provides a complete and unambiguous descrip- 
tion of the geometric dimensions controlling 
the motions of a mechanism and its constituent 
machine parts, and 

2. Establishes in analytic form the relative dis- 
placement between either adjacent or remote 
connected parts. 


The classifications presented by the Catalog in- 
clude all possible one, two, three, four and five-pair 
combinations of revolutes and prisms, certain of 
which are of particular interest: Those having one 
degree of freedom, which may be used to trans- 
form one motion into another, and those having 
zero degree of freedom, which may be used to 
prevent motion. It would be possible to continue 
the Catalog with similar enumeration of mechan- 
isms of more pairs, but the increase in the number 
of degrees of freedom limits their practical use. 

With the aid of this Catalog it is possible to de- 
duce the basic components needed to transform 
one motion into another, provided the mechanism 
is plane and composed of only lower pairs, as will 
be demonstrated in the succeeding article. 


Criterion of Movability. In the Catalog, all pos- 
sible plane mechanisms that can be formed with 
one, two, three, four and five lower pairs are enu- 
merated and the most useful functional relations 
given. It is noted that some of the mechanisms 
given are not movable, f = 0, some are movable 
with one degree of freedom, f = 1, and some have 
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more than one degree of freedom. The purpose of 
this section is to indicate a method for deducing 
the number of degrees of freedom of a closed mech- 
anism by considering only the symbolic equation 
which describes it. These definitions are needed: 


1. The number of degrees of freedom of 2 mech- 
anism is the number of its pair-variables that 
can be arbitrarily fixed at the same time. 

2. A pair is locked when no relative motion be- 
tween elements is possible; its pair-variable has 
a constant value completely defined by the par- 
ameters of the mechanism (a and a values). 

3. A pair is movable when relative motion between 
elements is possible. 


Consider the following identities: 
| 0 
| 


0 
Ri} R.= fF’ 


4 - 


91 
0 


P; 


o| | o 0 
| | a1 + ae 


| P;=Py P,’ 


P;| P2| 

1) i 0 

$1 82 

(@, has to equal 90° or 0°) 


6,’ 
So’ 


The meaning of each identity is that when the left- 
hand side appears in a mechanism, it may be re- 
placed by the right-hand side without changing 
the relations among the pair-variables of all other 
pairs of the mechanism. The equation found after 
all such simplifications have been effected will be 
called the reduced form of the symbolic equation. 

From a consideration of the identities and the 
Catalog, a method can be devised which will make 





CONTEMPORARY 


Acrylic Plastic 
Plating Barrel 


JPABRICATED of acrylic plastic this 

portable plating barrel designed for 
small quantities weighs only 27 pounds. 
Driven by a torque-rated geared motor, 
the barrel uses standard electric supply. 
Inside dimensions are 6 by 12 inches 
with 3/32-inch perforations. Gears and 
Sides are %-inch thick and will with- 
stand 180 F temperatures. All metal 
parts exposed to plating solution are 
made of Monel. The barrel is made by 
Starline Products. 











possible the determination of the movability of 
each pair of a mechanism. The procedure is: 


1. Reduce the symbolic equation by searching for 
all the possible combinations of pairs to which 
one of the three identities could be applied. 
Each application of an identity will lead to one 
degree of freedom. 

2. Match the reduced equation with one of the 
Catalog equations, and thus establish the num- 
ber of degrees of freedom left in the reduced 
equation. 

3. The total number of degrees of freedom is the 
sum of the numbers found in 1 and 2. 


EXAMPLE: Consider the symbolic equation 











0; | 0 | 0 | 0 | ds | ag 

| 0} | 90 e a,| | 90) 0) 
Rij | Ri | P4 Py Py R =% 

| |} |90| Jo 90) | 4 

: i | 

oj | of} |ss| [ss] | as} | of 








By application of two identities, the reduced equa- 
tion is found to be 








0 0 | a3 | a6) 

| 90} |astal | 9 0} 
Ry | Pol | Ps'| Rd | =2 

| 6! 90 | 90} | 66 

ie +. «2b vei « 


This is equivalent to (circular permutation) 











0 | a3’| | ae | 0| 

| 

| ag + a 90 | 0 ] " 
P,' P3'| R mr =1 

90 | 90 86 | ,'| 

So’ 83’ ' 0 | o| 


which is found in the Catalog and has one degree 
of freedom. The total number of degrees of free- 
dom of the mechanism described by the equation 
given is therefore three. 
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New Developments in 








Silicones are a relatively new and 
unusual class of engineering ma- 
terials. Although physical forms 
of silicones—fluids, rubbers, plas- 
tic resins, greases—are similar 
to organic materials, their prop- 
erties are often quite different. 
Silicones are noted for thermal 
stability, excellent dielectric 
characteristics, water repellen- 
cy, and oxidation resistance—a 
flexible combination of prop- 
erties which suggest many 
novel design possibilities 








By T. A. Kauppi 


Manager, Product Engineering 
Dow Corning Corp. 
Midland, Mich. 
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UST as the molecular structures of silicones 
J are unique, so are their properties. Sili- 
cones are built around “skeletons” of sili- 
con and oxygen atoms, which give the 
materials their unusual properties. At- 
tached to these skeleton chains are vari- 
ous organic groups which modify the 
basic molecular structures. The resulting 
semiinorganic materials can thus be pro- 
duced in a number of physical forms 
with differing characteristics. 
In general, silicones are water repellent 
and have good dielectric properties. They 








are highly resistant to oxidation, weather- 
They are inert to metals, 
plastics, and rubber, and are resistant to 


ing, and ozone. 


a variety of chemicals. Possessing prop- 
erties which make them durably service- 
able in many cases where other materials 
fail, silicones have made possible design 
changes heretofore impractical. 

Of particular interest are some of the 
newer developments in silicones. These 
new forms, plus some of the more stand- 
ard varieties of silicones, are discussed in 
this article. 





— 
eg 
tein] 


Silicone rubber is a synthetic, elastomeric ma- 
terial which retains its rubbery properties at tem- 
peratures as low as —100 F and yet renders ex- 
cellent service at temperatures as high as 500 F. 

This relatively new semi-inorganic rubber is in 
& class by itself among rubbery materials. It 
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contains no organic rubber, and its unique prop- 
erties are obtained by the proper compounding 
of stable silicone polymers with heat-stable fillers. 
Silicone rubber makes possible the design and pro- 
duction of equipment suitable for operation at 
temperatures above and below the limits set by 


177 


















Silicone rubber mountings 
support electronic and 
other delicate assemblies, 
effectively insulating them 
from vibration and shock 
at temperatures ranging 
from —100 to over 500 F 




















Table 1—Properties of Silicone 


Rubbers 








Silastic* 


Property 30 


240 250 





White 
1.25 
52 
24 
900 
300 


Color after curing .. 
Specific gravity 

Hardness (Shore A) 

Hours cured at 482 F .........-+-. 
Tensile strength (psi, ave.) 
Elongation (%, ave.) 

Brittle point (F) 
Compression set (% 
Dielectric strength 


Dielectric constant, 
at 10? cycles .. 
at 10° cycles .. 

Power factor, 
at 10° cycles .. 
at 10° cycles .. 


at 302 F 
(v/mil) 


Orange-tan 
1.2 
48 
24 
625 
330 


Translucent 
1.2 
42 
24 
600 
265 


50 
400 


56 
400 





* Dow-Corning silicone rubbers. 





Table 2—Effect of Continuous 


Heat Aging 





Durometer—— 
Silastic Organic 
80 Rubber 


Flex Life* 
Silastic Organic 


Aging Temperature 
Rubber 


and Time 


—tTensile Strength (psi)— 


Silastic 
80 


—Elongation (per cent)— 
Silastic Organic 


Organic 
80 Rubber 


Rubber 50 





Initial OK OK OK 80 
300 F 

3 days OK OK 
7 days § 
8 weeks 
30 weeks 
39 weeks 
392 F 

16 hours 
1 week 
16 weeks 
24 weeks 
28 weeks 
480 F 

4 hours 
1 day 

4 weeks 
6 weeks 


80 
81 
88 
89 

+ 


OK OK 
OK OK 
OK OK 


OK t 


80 
89 
68 t 


800 


816 

744 

616 

527 
t 


856 
688 
632 


2077 310 260 530 
1018 276 244 
§ 216 

125 

44 

+ 


235 
96 15 
87 t 





*Test—180 degree bend over %-inch mandrel without breaking. 


flex test after 19 hours at 392 F. 


tFailure point, flexural test. 
**Failed flex test after 8 hours at 480 F. 


§Failed after 4 days at 300 F. {Failed 
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conventional organic materials. 


Typical silicone-rubber components include 
molded mechanical parts, gaskets and seals, O- 
rings, rollers, and sponge parts. Silicone-rubber 
rod, tubing, and electrical lead wire and cable in- 
sulation are fabricated by extrusion. And sili- 
cone-rubber-coated fabrics, ducting and hose are 
made for a variety of industrial and military ap- 
plications. 

In general, silicone-rubber parts are inert, re- 
sistant to oxidation, and show minimum change 
in physical or dielectric properties after continuous 
long-term exposure to temperatures from —60 to 
350 F or intermittent exposure to temperatures 
from —70 to 500 F. They also show excellent re- 
sistance to weathering, and to a variety of hot 
oils and chemicals. 


Fig. 1—Compression set for two relatively 

new silicone rubbers (samples were cured 

for 24 hours at 480 F; tested for 22 hours 
at temperature) 











| 1 
“400 77 8 ola 300 392 480 


Test Temperature (F ) 


> — 
Cut from a piece of sili- 
cone-rubber-coated glass 
cloth, this pneumatic valve 
diaphragm is still in excel- 
lent condition after more 
than 6% years of service 
in ambient temperatures 
ranging up to 140 F. Prev- 
iously used diaphragm 


materials regularly failed 
in less than a year 





| 
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SILICONES 


These characteristics properties can be further 
enchanced by compounding for optimum service 
under particular operating conditions. Silicone- 
rubber stocks designed for extreme-temperature 
applications, for example, have brittle points lower 
than —130 F, are flexible at temperatures below 
—100 F, and remain serviceable at temperatures 
up to 500 F. The fact that the low compression- 
set silicone-rubber stocks are usually tested for 
resistance to permanent compression set at 150 C, 
whereas organic rubbers are tested at 70 C, is a 
measure of their advantage in service at elevated 
temperature. 

Stocks compounded for dielectric applications are 
unique because of their high thermal conductivity, 
low moisture absorption, excellent resistance to 
corona, and good physical and dielectric proper- 
ties. These characteristics remain relatively con- 
stant over a wide range of temperatures and fre- 
quencies. 

Other silicone rubbers that have particular ap- 
plications are cloth coating pastes that cure to a 
tough, resilient, heat-stable coating with “adhe- 
sive” characteristics; and stocks completely free 
of any potentially toxic ingredients or additives 
for handling pharmaceuticals, medicinals or re- 
circulating blood. 

Among three recent silicone rubber develop- 
ments are two general-purpose stocks, which can 
be blended to yield any durometer hardness be- 
tween 50 and 80, and an extreme-temperature, low- 
compression-set, low-shrink silicone rubber which 
can be used in food or cosmetic processing. 

These two new general purpose stocks (Silastic 



































Fig. 2 — Dielectric 
properties of two sili- 
cone rubbers 





Silastic 
he— 80 (1O®cycles) 


gue? cycles) 
le—50 ( IO’ cycles) 
m~50 ( 10° cycles) 





Dielectric Constant 


















































~ 
wn 
°o 


50 (10*cycles) 


80 (10° cycles) 


50 (10° cycles) 
80 (10° cycles) 


—_ 


Power Factor 


o ogo °° 
8 3 8 





60 70 80 90 1i0Oo «6110 120 130 40 150 
Temperature (C) 


50 and Silastic 80) are high-strength materials Typical properties of silicone rubbers, including 
having good resistance to compression set, low these two stocks, are shown in Table 1. Effect of 
water absorption and excellent dielectric proper- exposure to extreme temperatures is shown gen- 
ties. Blendable with each other, they also offer erally by Table 2. With consideration of the fact 
the advantage that they can be easily pigmented that the results are typical of the effect of con- 
to obtain a wide range of colors and shades. They tinuous exposure, Table 2 gives an approximate 
are readily adaptable to molding, extruding, lami- measure of the service life that might be expected. 


nating, calendering or wire covering. Influence of temperature on compression set is 











washers have _ re- 
placed machined 
brass or graphite pis- 
tons in the damping 
mechanism of an au- 
tomatic popup toast- 


‘ 
i.” er. For every 1000 
: toasters, 199 pounds 
os of brass are replaced 


by only 86 pounds of 
steel. Cylinders do 
not have to be ma- 
cined to close toler- 
ances but can even 
be out of round. 
Operating tempera- 
tures are about 350 F 


f 
’ = 
J 


Miniature washer-shaped, sili- 
cone-rubber gaskets are 
stamped into bus and truck tire 
valve cores during manufacture 


| 


HH} 


ie 
> 
ae 
. 


’ 
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ric 
li- 


shown in Fig. 1; and on dielectric properties in 
Fig. 2. 

Another recently introduced  silicone-rubber 
stock (Silastic 675) offers an unusual combina- 
tion of desirable properties. It is serviceable from 
—100 to 500 F, has excellent resistance to com- 
pression set, is a good dielectric, and exhibits un- 
usually low shrinkage in molding and in service 
at elevated temperatures. 

This rubber has a brittle point lower than 
—130 F. Compression set is in the range of 
15-20 per cent after 22 hours at 300 F; 20-28 per 
cent after 70 hours. It retains excellent dielectric 


SFO AMS 8&8 


Several new silicone resins fill a long felt need 
for lightweight, nonflammable structures that will 
retain compressive strength at high temperatures 
and can be foamed in place. Two recently de- 
veloped expansible resins can be foamed in place 
to form uniform, closed-cell structures weighing 
only 8 to 24 pounds per cubic foot. 

Such foams have been exposed to temperatures 
as high as 700 F or more for over 20 hours with 
very little structural or dimensional change. Sec- 


BLAMINATES 


Silicone resins are available for either high or 
low-pressure laminating of electrical or structural 
parts. Properties of typical plastic laminates made 
with these resins are shown in Table 3. 

Rigid Class H electrical-insulating components 


SILICONES 3S 


properties over a wide range of temperatures and 
frequencies. Well suited for applications where 
low shrink in service is required, the new stock 
shows less than 2.5 per cent shrink after 1000 
hours at 390 F, less than 7 per cent after 1000 
hours at 480 F in tests. And, because Silastic 
675 does not contain any toxic additives, it can 
be safely used in applications where cosmetics, 
foods or pharmaceuticals may be in contact with 
the fabricated part. 


tions only half an inch in thickness can be brought 
to a red heat over an open flame without show- 
ing significant decomposition. Only a slight warmth 
can be felt on the opposite face. 

These properties suggest the use of “sandwich” 
constructions, foamed-in-place reinforcements, or 
parts machined from blocks of silicone foam in 
such applications as fire-walls, electrical and 
acoustical insulating bodies, and heat-stable bouy- 
ant structures. 


are usually made of either continuous-filament or 
staple-fiber glass cloth bonded with silicone resin. 
Silicone-glass laminates are characterized by ex- 
cellent dielectric properties over a wide frequency 
range, low water absorption, excellent arc resist- 




















Low-pressure __ silicone- 
glass laminates can easily 
be made in a variety of 
shapes and sizes. These 
samples include a man- 
drel-wrapped tube, 90- 
degree angle sections, 
molded hemispheric and 
rim section parts, a sand- 
wich assembly, and a flat 
section 1% inches thick 








UL 













































Parts machined of silicone- 
glass laminates function 
efficiently after several 
years of service in high- 
voltage switch boxes 
where ambient heat often 
chars and weakens con- 
ventional laminated insu- 
lator links 





Loss factor of this silicone- 
glass tube is low enough 
to permit winding a radio- 
frequency coil directly on 
the tube. The tube is easi- 
ly machined, withstands 
continuous operation at 
temperatures up to 200 C, 
and meets military shock 
requirements 


Photo, courtesy Federal Telecom- 
munications Laboratories Inc. 





ance and a high order of heat stability. 

A recently developed silicone resin for bonding 
laminates to be used as structural parts provides 
initial strength and stiffness values approaching 
those of the organics. Typical 4-inch samples show 
flexural strengths in the range of 50,000 psi at 
room temperature even before curing. Even more 
important, this high physical strength is retained 
after prolonged exposure to elevated temperatures. 

Tests indicate that in high-temperature service 
all of the silicone-glass laminates retain this high 
strength. After 200 hours at 500 F, for example, 
the tensile strength of magnesium drops to 6000 
psi while that of aluminum is 5000 to 9000 psi. 
Silicone-glass laminates, however, average over 
20,000 psi after the same exposure. 


Table 3—Typical Properties of Silicone-Glass 
Laminates* 


2103 2104 2105 2106 
112 Cloth 181 Cloth 112 Cloth 181 Cloth 





Property 


Flexural strength, 77 F (1000 psi) 27-32 37.3 37 50 
Water absorption after 24-hr 
immersion (%) . . ‘ 0.05 
Dielectric strength, %-in. section 
(v/mil) 
as received 





300 200-250 300 
80-100 51 364 
Power factor, 10° cycles 

CE CE cecestdsenns 0.0022 0.0014 

Condition D, 23/24§ ....... 0.0089 0.0060 
Are resistance (sec) .......... 350 275 
Dielectric constant, 105 cycles 

Condition At . 3.70 3.31 3.90 

Condition D, 23/24 4.50 4.50 3.31 4.30 


0.0019 
0.0044 0.030 


260 240 





*\%-inch thick. tAs received. §After 24 hours immersion in dis- 


tilled water at 23 C. 





a function of its resistance to thermal aging. The 
silicones combine excellent dielectric properties 


BDIELECTRIC 


Regardless of the original electrical properties 
of an insulating material, thermal aging inevitably 


weakens the material physically until eventually 
vibration or moisture severely impair electrical 
properties. Service life of a dielectric is, therefore, 


182 


with an exceptional degree of thermal stability. 
For this reason silicone dielectrics give longeT 
service life than organic dielectrics. 
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Compounds: First of the silicone dielectrics to §1L1C ON E $= 


become commercially available was a smooth, 
translucent compound which retained the consist- 
ency of petroleum jelly even after prolonged ex- 
posure to temperatures ranging from — 70 to 400 F. 
Highly resistant to oxidation, this compound is al- 
so more water repellent than paraffin or wax. 

Over a wide frequency range the dielectric con- 
stant of the compound falls about midway between 
that of quartz and organic transformer oil, Fig. 3. 
Power factor is less than 0.003 at frequencies up 
to 10 megacycles, and a volume resistivity of more 
than 10!2 ohm-cm is retained at temperatures up 
to 400 F, as indicated by Fig. 4. Because a thin 
film of the compound prevents moisture from 
forming a continuous conducting film on insulat- 
ing surfaces, surface resistivity remains high and 
surface leakage is eliminated. This compound 
first became popular with the aircraft industry as 
a high-temperature ignition seal. It is now wide- 
ly used as a water-repellent dielectric coating or 
seal for power-transmission and oil-well-survey 
equipment exposed to weathering or high tempera- 
ture. 


Fluids: Low loss factors at elevated tempera- 
tures, inertness to moisture, oxidation resistance 
and heat stability make silicone fluids unusual 
among liquid dielectrics. 

Temperatures ranging from —20 to 400 F have 
practically no effect on the power factors and 
very little effect on the dielectric constants of these 
fluids. Constants also remain practically un- 


Coil jackets of cured silicone- 
rubber tape are tough and resi- 
lient, with a high degree of re- 
sistance to moisture absorption, 
lubricating oils and a variety of 
chemicals. Dielectric properties 
at room temperature compare 
to those of resilient insulators 
and are superior at high tem- 
peratures 
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changed at frequencies from 10? to 10!° cycles per 
second. Dielectric constant is in the range of 2.18 
to 2.68 for fluids below 20 centistokes viscosity and 
2.68 to 2.77 for higher viscosity fluids. 

Dielectric strength of the fluids tested at 0.1- 
inch spacing according to ASTM D877-46T, is in 
the range of 300 to 500 volts per mil. Volume 
resistivity is about 10!¢ ohm-cm and remains rela- 
tively constant at temperatures up to 400 F. 

Silicone fluids have found applications in mili- 


Fig. 3 — Dielectric constant and power 
factor for a dielectric compound used for 
sealing and electrical insulation 





30 











28 





























Dielectric 
Constant 


26 


Power Foctor 




















Table 4—Properties of Silicone Insulating Resins and Varnishes 





Property 935 


993 


994 996 997 1089 1360 





Solids content (%) .. ree 50 
Color Aeneebeseducs , Light straw 
Specific gravity ............ 1.00—1.02 
Drying time, maximum .. ‘ 1 hr, 250 C 
Weight loss, after 3 hr* (%) ... : 5 
Craze life, minimum* (hr).. 800 
Flex life, minimum* (hr) .. an 100 
Dielectric strength, 2-in. electrodes 


(v/mil) 1000—2000 


50 
Light straw 
1.00—-1.02 
3 hr, 250 C 
‘ 


1000 
250 


1000-1500 


50 50 50 40 49 
Light straw Dark brown Dark brown Dark amber Dark amber 
1.00—1.02 1.00-1.02 1.00-1.03 1.05-1.10 1.13-1.14 
1 hr, 250 C 3 hr, 150C 3 hr, 200 C 3 hr, 150 C ihr, 150C 

7 4 5 

3000 750 1000 

1000 250 250 
1600-1900 


1000-2000 1000—2000 





*At 250 C 





Silicone-rubber insulation assures 
dependability in control and pow- 
er cable produced to meet Navy 
specifications. Low-temperature 
flexibility, heat and moisture re- 
sistance, and excellent dielectric 
strength, are characteristic advant- 
ages of silicone insulation 


Photo, courtesy Okonite Co. 


tary equipment where size and weight are of im- 
portance, including aircraft transformers, capaci- 
tors and sealed electronic assemblies. 


Rubber: Silicone rubber has been called the 
closest known approach to the ideal dielectric. It 
combines the heat stability and moisture resist- 
ance of resinous silicones with many of the most 
desirable properties of rubber, and adds a few 
features of its own. 

Thermal conductivity of silicone rubber is, for 


Fig. 4—Volume resistivity 
of a dielectric compound 


€ 
1) 
1 
E 
£ 
° 
Ps 
Ss 
2 
vy 
7 
a 
x 
o 
3 
3 
° 
> 


1 After 5 hr intest cell at 200 C 
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ganic resinous or rubber dielectrics. As indicated 
in Fig. 5, a silicone-rubber-insulated coil can op- 
erate at temperatures as much as 50 per cent be- 
low that of a silicone-resin-insulated coil under 
the same load. 

As a cable covering, silicone rubber has excellent 
resistance to corona. Silastic insulated ignition 
wire shows no deterioration after 12,000 hours un- 
der test conditions that cause organic rubber cov- 
ering to fail in 3 to 30 minutes. 

As indicated in Table 1, the dielectric properties 
of typical silicone rubbers compare favorably at 
room temperature with those of conventional rub- 
bers. There is little change in dielectric properties 
over a temperature span of from below zero to 
over 200 C. At elevated temperatures, organic 
rubbers deteriorate rapidly and become conductors 
rather than insulators. Even more important is 
the fact that high-temperature aging, Fig. 6, does 
not significantly alter the dielectric properties of 
silicone rubber. 
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example, about 150 per cent of that of either or- 





SILICONES 


Silicone rubber also has a high resistance to 
arcing and to electrical fatigue. Its water absorp- 
tion values range from 6 to as low as 0.5 per cent, 
and it is unique in that even maximum absorption 
has no material effect on dielectric properties. 

Silicone rubber is used in a variety of applica- 
tions including wire and cable covering, capacitor 
and transformer bushings, and coil wrapping. 


Resins: Class H or silicone insulation is one of 
several varieties which have been classified by the 
AIEE according to resistance to thermal aging. 
Of these, Class A is made up of organic compo- 
nents bonded with an organic varnish; Class B con- 


Printed circuits etched on copper- 

clad, silicone-rubber-coated glass 

cloth offer easy installation and 

assembly of electronic equipment, 

as well as excellent service at 
high temperatures 











Silicone varnishes 
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Fig. 7—Thermal life of silicone in- 
sulating varnishes based on 50 per 
cent retention of dielectric strength 


sists of inorganic components bonded with an or- 
ganic varnish; and Class H refers to “inorganic 
materials with bonding substances composed of 


se PROTECTIVE 


silicones or materials with equivalent properties”. 
Thus Class H insulation and silicone insulation are 
somewhat synonymous. 

The AIEE has established a conservative 180 C 
as Class H hottest spot temperatures, although 
Navy specifications have raised that figure to 
200 C. 

Silicone dielectrics used to make up Class H in- 
sulating materials may be divided into cloth-coat- 
ing resins, dipping or impregnating varnishes, wire 
enamels, and bonding or laminating resins. Typi- 
cal properties for leading members in the first 
three are given in Table 4. Thermal life of the 
leading silicone dipping varnishes as compared to 
Class B materials is indicated in Fig. 7. 

The two silicone wire varnishes differ widely in 
application. One is specifically designed to bond 
single or double glass serving on copper magnet 
wire. Such magnet wire insulation has good abra- 
sion resistance and remains serviceable for extended 
periods, largely because of the effect of the glass 
serving itself. The other is used as an enamel 
on bare magnet wire. With physical properties 
comparable to the better organic wire enamels, 
the silicone wire enamel has about the same life 
expectancy at 200 C as conventional organic 
enamels have at 105 C; flexibility and scrape abra- 
sion resistance compare favorably; resistance to 
solvents, oils and salt water is substantially su- 
perior. 


COATINGS @B BS 


Broadly speaking, silicone protective coatings 
may be divided into three categories by vehicle 
content: 100 per cent silicone, silicone copolymers, 
and modified silicones. The 100 per cent, or 
straight, silicone finishes are most useful where 
temperatures range from 500 to 900 F and where 
there is severe weathering or exposure to corro- 
sive atmosphere. Straight silicone finishes are 
also best if color stability, either upon exposure 
to outdoor weathering or to high temperature, is 
highly desirable. 

Most silicone copolymers are made with alkyd 


Two coats of aluminum paint based 
on a straight silicone vehicle with- 
stand surface temperatures of 400 to 
600 F on these gas compressor ex- 
haust mufflers for three years service 


Photo, courtesy Kansas Paint 4 Color Co 














resins, although some developmental work is being 
done with the phenolics. The silicone-alkyds com- 
bine the weathering and heat-resistant properties 
of the silicones with the excellent adhesion and 
film properties characteristic of the alkyds. Used 
primarily in baking enamels for space heaters and 
other interior uses, the silicone-alkyds perform well 
in light-colored finishes at temperatures up to 
450 F. 

Modified silicones are an attempt to overcome 
some of the limitations of the straight silicones 
by cold-blending them with various organic resins. 
Poor solvent resistance, slow curing, slight thermo- 
plasticity, and higher initial cost can all be mini- 
mized, but at the expense of certain other prop- 
erties. In many cases, however, they do as well 
as straight silicones, and several of them provide 
better protection than a straight silicone in a tem- 
perature range of from 900 to 1200 F. 


Water Repellents: Virtually all silicones are wa- 
ter repellent. They cannot all be used indiscrimi- 
nately, however, in every application where a wa- 
ter-repellent characteristic might be desirable. 
There are silicone water repellents available for 
textiles, leather, masonry, glass, ceramic and plas- 
tics. Another silicone water repellent also imparts 
an “abhesive” characteristic to paper and parch- 
ment, prevents the adhesion of sticky products and 
foods to treated wrappers. All of these water re- 
pellents offer the desirable advantage of allowing 
the treated material to breathe. That is, they pro- 
vide water repellency without sealing off the pores. 
Glass, ceramic and plastic electrical insulating 
materials are made water repellent with an air- 
drying silicone resin. It produces a smooth, trans- 
parent film which repels water and maintains high 
surface resistivity under humid conditions. The 
film is hard and weather resistant. It eliminates 
leakage currents and flashovers; reduces mainte- 
nance and extends the service life of insulators. 









BEOILS AND G 


Oils and Fluids: Silicone oils, generally referred 
to as silicone fluids, have been under commercial 
development for little more than 10 years. Even 
80, their unusual properties have promoted their 
use in almost every field. 

In general, silicone oils are heat-stable and re- 
sistant to oxidation, gumming and weathering. 
They have excellent dielectric properties, and rela- 
tively flat viscosity-temperature slopes, Table 5. 
They exert a virtually constant damping force over 
a wide range of temperatures, and are highly re- 
sistant to permanent shear breakdown. They are 
highly nonreactive and inert to metals, plastics, 
and most organic materials. 

These properties make practical the use of sili- 
cone oils as damping, hydraulic or dielectric fluids, 
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Relative heat and salt spray resistance of modi- 
fied-silicone and organic-based finishes is con- 
trasted in Ordnance heater shells. The shell on 
the left was sprayed with olive-drab modified- 
silicone paint and baked 30 minutes at 400 F. 
The one on the right was sprayed with conven- 
tional Army olive drab and baked 45 minutes at 
250 F. Panels in the foreground show initial 
appearance of the finishes. Both shells were 
heated to 500 F for 4 hours. The organic coating 
was then subjected to salt spray for 100 hours, 
the silicone for 300 hours 
Photo, courtesy South Wind Div., Stewart Warner Corp. 
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Table 5—Properties of Silicone Fluids 








Viscosity- Pour Flash Volatility Gel Time 
Viscosity Temperature Point Point at 500 F at 500 F 
Fluid (centistokes) Coefficient* (F) (F) (percent) (hours) 
200+ 1.0 0.37 —123 100 Distils Distils 
200t 10.0 0.60 —67 575 5 24 
200+ 500 0.61 —58 600 5 24 
510§ 500 0.64 —70 525 9 400 
550 150 0.76 —5s 575 10 750 
710 500 0.83 —8s 600 15 1000 





* (Viscosity at 210°F)/(Viscosity at 100 F). ft Produced in vis- 
cosity range from 0.65 to over 1 million centistokes, § Produced in 
viscosity range from 50 to 100,000 centistokes. 
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Silicone greases 











200 250 300 
Time at 210 F (hours) 


Fig. 8—Oxidation resistance of silicone 
greases compared with organic greases 


in dashpots, vibration dampers, accelerometers, 
shock absorbers, condensers and capacitors; as re- 
lease agents in fabricating metal, plastic or rub- 
ber parts; as polishing agents for automobile 
finishes and furniture; as defoaming agents for 
many nonaqueous systems and processes; and as 
heat-stable lubricants for many high temperature 
applications. 


Greases: Silicone greases are formulated by com- 
bining various thickening agents with different sili- 
cone oils. Properties of these greases are deter- 
mined by both the fluid and the thickener; there- 
fore, both are selected to give optimum service 
in the applications for which the lubricant is de- 
signed. Data in Table 6 lists typical properties 
of the four types of silicone grease now available. 

Of these four types, two are ball-bearing lubri- 
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Conveyor line carrying 

freshly painted electrical 

equipment through 375 F 

drying oven needs only 

two greasings a year with 
a silicone grease 





Photo, courtesy Mullenbach 
Electrical Mfg. Co. 
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cants thickened with organic soaps. One is de- 
signed for extremely low temperature service; 
the other, for permanent lubrication of ball bear- 
ings operating at temperatures from — 40 to 400 F. 
The third and most heat-stable silicone grease is 
thickened with a special carbon black and is used 
to lubricate oven conveyor bearings and kiln carts, 
regulator valves, compressor engine valves, fur- 
nace and oven doors, driers, and similar low-speed 
equipment. The fourth grease which is prepared 
by thickening a silicone oil with a finely divided 
silica filler is used primarily as a valve lubricant 
where steam, corrosive materials or heat cause 
rapid failure of organic valve lubricants. 

Resistance of silicone greases to oxidation is in- 
dicated by results of oxygen-bomb tests shown 
in Fig. 8. Test conditions were 500 hours exposure 
to oxygen under pressure of 100 psi at 210 F, in 
the presence of a brass catalyst. 


Compounds: Silicone compounds are made by 
combining silicone oils, and suitable thickening 
agents. The various silicone compounds include 
defoamers which are effective at very low concen- 
trations in many aqueous and nonaqueous systems, 





Table 6—Physical Properties of Silicone Gre«ses 


— 





Dropping 
ASTM Apparent Point 
Type Penetration Density (F) 


33 greaset 320 0.92 400 3.0 
44 greaset 310 0.97 400 1.5 
41 greaset 300 0.98 None$ 4.0 
Valve Seal A 240 0.98 None§$ 1.0 


*Determined after 24 hours at 300 F in a wire mesh screen. 
duced in 4 different consistencies: fluid, light, medium and he 
Properties are for the light consistency grade, used in most 4 plica- 
tions. §Do not fuse because greases contain inorganic fillers 


Bleed* Evapor ‘ion* 
(per cent) (per «°"t) 
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moisture-repellent and heat-stable dielectric ma- 
terials, and release agents. 


Inherent properties of silicones also make prac- 
tical the use of such compounds as damping 
media; as antisqueak agents and lubricants for 


Although most silicone products are so nonre- 
active that they make excellent release agents, a 
new compound has been developed which is notable 
for the tenacity with which it sticks to a wide 
variety of surfaces, including such relatively inert 
materials as polyethylene, tetrafluoroethylene, 
and even silicone-varnished glass cloth and silicone 
rubber. 

The new product has an adhesive strength that 
compares favorably with that of conventional pres- 
sure-sensitive adhesives at room temperature. Fur- 
thermore, adhesive strength is retained over a tem- 
perature span ranging from —55 to over 300 F. 
Highly water repellent and resistant to weather- 
ing, oxidation and a variety of commonly used 
chemicals, the silicone adhesive also has excellent 
dielectric properties. 

Glass-cloth tapes coated with this material are 
now used for high-temperature electric and elec- 
tronic applications and for low-temperature, 
weather-resistant wrapping and sealing. 


Pressure-sensitive tapes made with 
Dow Corning XC-269 or XC-271 sili- 
cones can be applied at tempera- 
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plastic and rubber parts; and as antiseize lubri- 
cants for hold-down bolts on high-temperature 
equipment. 

























tures ranging from —55 to 250 C and retain good adhesive strength 


after long exposure to these temperatures. 


These adhesives can also 


be used to join such “abhesive” materials as silicone rubber, silicone- 
treated paper, Teflon and silicone-glass laminates to metals, glass, 


paper or plastics 


They Say... 


‘I cannot conceive of how a professional man 
who joins a union can also think of himself as a 
professional man. When he joins a union he dele- 
gates to the union leaders the right to bargain with 
his employers as to his remuneration and other 
working conditions. How much individuality in his 
vocation can a union man have? The engineer is 
really a part of management, because he manages 
methods and materials. Yet, when he joins an en- 
gineers union, as some engineers have done, he tells 
the public he does not wish to be regarded as part 
of management.”—HarrY A. WINNE, retired vice 
President, General Electric Co. 
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“He who devotes sixteen hours a day to hard 
study may become as wise at sixty as he thought 
himself at twenty.’”—MARY WILSON LITTLE 


‘‘We use thousands of hours and millions of dol- 
lars in developing tools and machines. We use very 
little effort and very little money in developing man. 
The possibility of man however, is so far above the 
possibility of the machine tool or any tool, that 
there is no comparison. 

“The next great step we are going to take for- 
ward insofar as industry is concerned is to recog- 
nize that the greatest possibility is not in machines 
but is in that tremendous individual—man.” — 
JAMES F. LINCOLN, president, Lincoln Electric Co. 
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Rotary or Reciprocating Motion Available 








NEW powered hand tool may be used as a drill, ill 
A hack saw or flat filing machine. Output can be F r om Saw-Dr I 
quickly changed from rotary to reciprocating mo- 
tion or vice versa. Developing up to 1/5-horsepower, 
the Crown Trades Master saw-drill weighs seven pounds, has an average drilling 
speed of 1900 rpm and an average sawing speed of 1700 surface feet per minute. 

An aluminum case contributes to low weight of the tool. 


With the control knob at the posi- 
tion marked D for drilling, an eccen- 
tric pin at the end of the control 
shaft engages a sliding jaw clutch 
with the output shaft of the saw 
drill, causing the shaft to rotate. For 
drilling, the saw guide is turned 
downward or removed altogether and 
a three-jaw geared chuck with maxi- 
mum capacity of 14-inch is inserted in 
the adapter on the output shaft. With 
the control knob in the S or sawing 
position the eccentric pin on the con- 
trol shaft moves the sliding jaw clutch 
to the rear to engage an eccentric, 
sleeved on the drive shaft. This ec- 
centric revolves within a sleeve which 
is coupled to a bell crank by a rod. 
The bell crank connects to the drive 
shaft and imparts reciprocating mo- 
tion. Stroke is 7/16-inch. 
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Design for Riveting 


Small Rivets and Their Selection 


By Roger W. Bolz 
Contributing Editor, Machine Design 


AND 


DESIGN 








HE common small rivet can perform a variety 
of vital and important fastening tasks. Low 
in cost, rivets correctly applied can provide 
real service and production economies. 

A wide variety of parts and materials may be 
successfully fastened with rivets. Die castings, 





Fig. 1—Three basic types of standard rivets 

and fastened joint typical with each. Tubular 

rivets may be star or roll-set with or without 

the washer shown and, as with the split 
rivet, can be set with a cap 





Semitubular rivet 












Tubular rivet 








Bifurcated (split) rivet 











sheet metals, plastics, canvas, plywood, cloth, 
leather, fiber, soft goods, composition materials, 
as well as combinations of these, may be riveted 
satisfactorily. 

Small rivets are available in steel, aluminum, 
brass, copper, stainless, nickel, bronze, Monel, sil- 
ver, and other materials. To suit the design re- 
quirements, plating or finishing can be specified. 
Brass, nickel, cadmium, copper, tin, zinc and oxo- 
dized platings are used. Japanning and other coat- 
ings are also provided. 


Basic Rivet Styles: While solid rivets are avail- 
able and widely used, it is usually necessary to 
hand-feed and upset such rivets in assembly. Tu- 
bular rivets, on the other hand, are eminently suited 
for use with high-speed automatic feed rivet set- 
ters, Fig. 1. Owing to the savings possible with 
such assembly equipment, tubular rivets offer out- 
standing possibilities in fastening with adequate 
strength for most purposes. 

SEMITUBULAR RIVETS: One basic type of small 
rivet is the semitubular extruded or shallow-drilled 
design. This rivet is made with a shallow end im- 
pression which in the extruded types may be ta- 
pered. However, it is also provided with a 
straight-wall hole in many cases. 

These rivets are primarily adapted for any as- 
sembly operation where holes have been drilled or 
punched prior to rivet setting. They provide full 
shear and strong clinch or set. Semitubular rivets 
are usually roll-set and are suitable for fastening 
plastics, wood, sheet metals, and similar materials. 
It is the most widely used rivet. 

A variety of head styles are available in this de- 
sign. Round, oval, flat, countersunk and shoulder 
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types with any head style are typical. 

TUBULAR RIVETS: Full tubular rivets are deep- 
drilled to be self-piercing. They are mainly suited 
for fastening soft materials such as plastics, leath- 
er, wood, canvas, cardboard, pressed wood, or any 
other material which can be pierced by the rivet 





Table 1—Standard Clinch Allowances 





Rivet Shank Diam. 
(inches) seuces 


Clinch Allowance 
(inches) 


Semitubular ....... 0.032 0.032 0.045 0.055 0.062 0.093 0.093 0.125 0.156 
Split & Full Tubular 0.062 0.078 0.093 0.125 0.125 0.156 0.187 
Aluminum Tubular. 0.045 0.045 0.062 0.078 0.093 0.125 0.125 0.156 0.187 


Hole Size 
Diameter (inches). . 
Drill No, ......... 


. 0.060 0.065 0.088 0.098 1/8 9/64 5/32 3/16 1/4 


0.067 0.070 0.093 0.104 0.128 0.152 0.165 0.196 0.265 
51 50 42 37 30 24 19 9 17/64 





when set. These rivets are generally star or roll- 
set and can be used with caps or crowns. 

Full tubular deep-drilled rivets are generally 
available with round, oval, flat, and countersunk- 
head styles. 

BIFURCATED RIVETS: The bifurcated or split rivet 
is formed by slotting a solid rivet. Splitting is done 
by punching or milling. Used mainly for fastening 
soft materials, the punched type is best for light 
fastening such as cardboard, canvas, fabrics, 
leather, etc. The milled type is stronger and sharp- 
er and can be used in fiber, wood, light sheet metal. 

As with deep-drilled rivets, the split type pierces 
its own hole while being set. Head styles include 
round, oval, flat, and countersunk. 

SPEcIALS: All manner of special rivet designs 
are available for unusual applications. Basic types 





Round and Oval Tubular Flat Head Tubular 




















Flat Countersunk Tubular 

















Flat Head Shoulder Flat Countersunk Shoulder 
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Round and Oval Split Flat Head Split 
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Flat Countersunk Split Side Prong 











Side Prong Spot Solid Drive 














Split Drive Compression 








Fig. 2—Some of the numerous basic styles 
of rivets available as standards. Full tub- 


ular desi is deep-drilled. Rivet end- 
wall thickness can be selected to suit 
the application conditions 
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Round and Oval Shoulder 
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are made with special head styles such as decora- 
tive caps, hollow heads, projections, etc. 

Besides the regular styles available as standards, 
there are a variety of other rivet types which can 
be procured from stock although not from all 
sources. Side-prong rivets are made in a variety 


‘ ing bly hole diameter 


tl Clinch allowance t 
Material thickness SS) * AS 


s ' } Rivet length 
Y Y 

Uda _ WYlld t 

Fig. 3—Rivet joint arrangement 


showing terminology. Typical 
values are shown in Table 1 
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of head styles and shapes for functional and deco- 
rative purposes. 

In addition, drive rivets can be used. These are 
made with spiral serrations on the body and come 
in solid body with tenon end or split design. Rivets 
of this design are generally employed for rivet- 
ing into blind holes where the fastener cannot be 
set. Many head styles and shapes are produced and 
include round, oval, countersunk, shoulder head, 
and other styles including some with tapped holes. 
For other special applications, compression riv- 



















REMOVAL of large press-fitted antifriction 
bearings can be a difficult and time-consuming 
procedure when ordinary bearing removing tools 
are used. It is, in fact, so difficult that, in certain 
instances, bearings which should have been press- 
fitted have been loosely fitted to permit easy re- 
moval. Wear and scoring of bearing bore and the 
mating surface of the shaft ensue. Development of 
a removal system using hydraulic pressure by SKF 
Industries Inc. is said to allow easy removal of 
the most tightly press or shrink-fitted bearings 
and, therefore, permits use of properly fitted bear- 
ings regardless of size or other circumstances. 
Essentially, the system consists of drilling and 
grooving the shaft to allow oil under pressures 
of 5000 to 25,000 psi to be forced between the con- 
tacting surfaces of a shaft and inner bearing race. 
Pressure distribution between the two surfaces. is 
much higher at the ends or sides of the inner race 
and effectively retains the oil between shaft and 
race until the race has been expanded sufficiently 
to permit easy removal. Experiments conducted 
by SKF indicate that this removal method reduces 
friction between the contacting surfaces to 1 or 2 
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Hydraulic Pressure Simplifies Bearing 


ets are supplied. These are a combination of a 
solid and a deep-drilled rivet to obtain a finished 
or flush head on each side. 


Rivet Sizes: A few of the many types of com- 
mon rivets are shown in Fig. 2. Sizes range from 
the smallest with a shank or body diameter around 
0.058-inch to %4-inch. Lengths depend upon the 
shank size and range from 3/32-inch, the smallest, 
to %-inch, the largest. Length increments gener- 
ally increase in 1/32-inch steps up to %%-inch and 
in 1/16-inch steps over this length. 


Holes and Rivet Length: To determine the prop- 
er hole size for semitubular rivets, 7 per cent of the 
rivet shank diameter is added. Thus, the proper 
hole is equal to 1.07 times the shank diameter. This 
can normally be adjusted slightly where necessary 
to permit use of a standard drill or punch. 

To determine proper rivet length for semitubular 
rivets, 70 per cent of the shank diameter is added 
to the total compressed material thickness, Fig. 3. 
In Table 1 are given some standard clinch allow- 
ances for general purposes. To find rivet length, 
combined material thickness is added to the clinch 
allowance and the next higher closest applicable 
length of standard rivet selected. 
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per cent of its original value. Necessary hydraulic 
pressure can be supplied by small, portable, manu- 
ally-operated pumps. 




























Redesigned Balancing Machine Has 


Improved Appearance 


IRST introduced in 1935, Gisholt Machine Co.’s 

Type S line of Dynetric balancing machines have 
recently been redesigned—mechanically, electroni- 
cally and esthetically. Cost of the new electronics 
package is approximately 63 per cent of that of the 
original. At the same time, speed range and sensi- 
tivity of the electronic unbalance detection unit 
have been improved. Unbalance can now be de- 
tected over a much broader speed range, and vi- 
brations exceeding 0.000025-inch in amplitude can 
be detected. Mechanical design has been improved 
by reducing the number of parts, and incorporating 
parts with multiple functions. 

Dramatic emphasis has been placed on new fea. 
tures. With styling and color selection by J. M. 
Little and Associates working with Gisholt engi- 
neers, the machine has a unified, efficient appear- 
ance through balancing of form, mass and propor- 
tion, and the judicious use of color. Machine too! 
gray, accented with buff, is complemented with 
smooth anodized aluminum areas pointed up with 
red and black. 





Control location and operation have been “hu- 
manized.” Meters and dials have been located and 
designed—and relationship of color and pattern 
worked out—so that readings may be made quickly 
and accurately. Use of an indicating meter with a 
270-degree scale also contributes to more accurate 
readings. 
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and meaning, the fundamental expressions relating v,, these basic laws are: 
geometrical and operational characteristics of these 

machines often appear under different forms in Qn = oD? vp 

the literature. To aid understanding, it will per- 

haps be best to establish first the forms of these H, = y 
basic laws as they will be adopted in these articles. 


ASIC laws governing the operation of hy- Symbols are defined in the accompanying Nomen- 
draulic turbomachines are well-established. clature. 
However, in spite of their similarity in origin In terms of the impeller design tip speed (linear), 


-—<--= 
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4 
Based on the concepts of systematic series : 
planning already presented, this and suc- ; 
ceeding articles will demonstrate the meth- : 
ods of ottack for specific types of machines. |= 

3 
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Hydraulic turbomachines and their signif- 
icant characteristics with respect to series 
planning are discussed in this article; suc- 
ceeding articles will treat other machine 
types. Emphasis will be given to those tech- 
niques and procedures offering widest utility. 






















(31) 
© 2 
= (32) 
29 
Vy? 
29 


In terms of rotational design speed (angular), w», 





D= Reference diameter of impeller defined in 


Fig. 11, ft 


9 = Acceleration due to gravity, 32.2 ft per second 


per second 


H = Head, ft of fluid 
n = Subscript notation designating normal or de- 


sign operating point 


p = Pressure, pounds per square foot 

P = Power, hp 

= Output power, hp 

= Volume rate, cubic ft per second 

= Specific volume rate defined by Equation 46 
= Tip velocity of impeller, fps 


P. 
q 


Qh 
v 


@, 


Ws 


ou il 


Specific gravity of fluid, pounds per cubic 
foot 

Volume coefficient 

Head coefficient 

Angular velocity of impeller, rpm 

w/o, = Speed ratio 

Specific speed defined by Equation 45 
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The dimensionless coefficients ¢ and y are charac- 
teristic of each particular type of machine and 
provide a picture of actual performance as related 
to the performance of an ideal machine, with allow- 
ance for actual flow and hydrodynamic losses. For 
a first approach, and particularly for the initial 
planning of a machine line, ¢ and y must be con- 
sidered as constant for geometrically similar ma- 
chines or for the same machine operating under 
various speeds. 

Expressed proportionally, the relationships of 
Equations 31 through 36 thus take the more fa- 









195 



























































| 
| @ 






















































































(c) 





Fig. 11—Typical pump impeller designs showing reference diam- 


eter dimension D for: a, centrifugal unilateral 


; 6, centrifu- 


gal bilateral type; c, pure axial type; and d, mixed-flow type 


miliar forms given by the expressions, 


qa D?v (387) 
H « v? ; : (38) 
px v2 , , (39) 
qx D§w :, (40) 
H «x D?w? (41) 
p x D2 w? (42) 


where « is the symbol of proportionality. 

In these general laws of similarity, the diame- 
ter D has the characteristic of a linear dimension 
representing the “size” of the machine. It could 
be replaced by any other linear dimension among 
those in a homothetic (similar) series of machines 
that are interrelated by strict proportionality. For 
example, in a series of homothetic low-pressure 
centrifugal fans, it would be possible to substitute 
for D one of the sides of the rectangular discharge 
port, or the square root of the port area, and so on, 
without detracting in any way from the value of 
the general laws. However, among these equally 
applicable dimensions, the impeller diameter is 
the most representative because of its direct rela- 
tion with the operating data of the machine and 
may therefore be taken as the geometrical module 
of a line of homothetic machines. 

The universal applicability of the impeller di- 
ameter as a geometrical module is further demon- 
strated by the fact that in certain cases, such as 
the centrifugal designs of Figs. 11a and B, this di- 
mension establishes a surface of equal potential, 
while in others, as typified by the axial unit in 
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Fig. 11c, the cylindrical surface of diameter D is 
the outside limit of the flow channel. In some in- 
stances, the conventional diameter has an inter- 
mediate character, for example, mixed-flow pumps, 
Fig. 11d. For the latter case, the geometrical mod- 
ule becomes the diameter determined by the point 
on the discharge edge of the vanes that divides the 
flow channel into two paths of equal volume rate. 

If the tip speed v appearing in Formula 37 is 
constant, this expression represents the basic law 
of a line of homothetic machines which operate 
under constant linear velocity and furnish pres- 
sures in accordance with Formulas 38 and 39. 
This law is applicable to the design point or to 
any other operating point, which is related to the 
design point on a fixed percentage basis, in the 
areas of reduced or excessive load conditions. Thus, 
in Formulas 37 through 42 only general symbol no- 
tations have been used; design point subscript re‘- 
erances have been omitted. 

In Formulas 40 through 42, if » is kept constant, 
these expressions represent the laws of a series of 
homothetic machines operating under the same 
rotational speed. 

From Formulas 37 through 42, the laws of sim- 
ilarity of power can be directly derived on the basis 
of the products, gH or gp. Thus, in terms of linear 
tip velocity, 


P x D2 v3 oP , (43) 


and in terms of angular speed, 


Pa DS .... iY ; (44) 


If it is assumed that efficiency is constant re- 
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gardless of variations in D, v or w, these formulas 
are equally useful for the fluid power or output of 
the machine as well as for its input. However, 
this assumption is only useful as a rough first ap- 
proach because the actual rate of variation of flow 
and head losses, on which efficiency depends, is 
higher than that of ¢ and y due to the variables 
D, v and ». Therefore, Formulas 43 and 44 could 
be expected to furnish more realistic results for 
outputs than for inputs. 

On the same basis as for the other sets of re- 
lated expressions, Formulas 43 and 44 represent 
the basic laws of similarity of power for a homo- 
thetic series or for a single machine operating un- 
der various speeds, depending on the kinematic or 
geometric dimensions which are maintained con- 
stant. 

The specific speed, w,, of an operating turboma- 
chine, defined by 


- a” 
oS eevee MET OE OES ee Pere 
represents a characteristic of the particular basic 
turbomachine design. Substituting in this equa- 
tion the expressions for q and H from Formulas 
40 and 41 gives 


D3/2 wl/2 


W, Hw 


D6/4 6/4 


or w, = constant. This expression shows that w, 
is constant for all of the machines of a homothetic 
series and, therefore, is a characteristic of the 
particular type and design of turbomachine, irre- 
spective of absolute size and operating speed. With 
few exceptions, the numerical value of this con- 


Head, H (ft) 


G@)=980rpm 





G@=835 rpm 


Normal line 





2000 
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Fig. 12—General performance chart for a mixed-flow pump 
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stant is alone sufficient to give a specialist in the 
subject a picture of the design and construction 
features of all of the machines of the line. As an 
exception, for example, equivalent specific speed 
values may exist for a conventional unilateral im- 
peller (Fig. 11a) and a bilateral one (Fig. 11b) if 
the specific speed of each half of the bilateral type 
is equal to that of the unilateral one divided by the 
square root of 2. Also, certain narrow mixed-flow 
impellers, like those adopted in modern deepwell 
pumps, have the same specific speed value as some 
Francis type centrifugal wheels. 


Specific Volume Rate: The specific volume rate, 
defined by 





ee eae ee 
Vi 

is the operational characteristic of each machine 
in the series. If the expressions for q and H given 
by Formulas 40 and 41 are substituted in Equa- 
tion 46, an expression in terms of the geometrical 
index D is obtained: 





-. . (47) 


This result indicates that when a machine oper- 
ates under various speeds, its volume and head 
change but in such a way that the value of q, from 
Equation 46 remains constant. Thus, q, may be 












3000 




















logically considered as an operational module for 
operating turbomachines, in accordance with the 
definition given in the first article of this series 
(July, 1954). 

Referring q, to the design point and adopting 
for q, and H,, their complete expressions, Equations 


Table 8—Similarity Laws for Hydraulic 
Turbomachines 





Case 


Curve Function 
H = f(q) 


Basic 
Relationships 





1. One machine, oper- 
ating under variable 
rotational speed, w. 
Geometrical dimensions 
are constant. 


2. Several homothetic 
machines, operating un- 
der the same rotational 
speed, w. Ratios be- 
tween homologous di- 
mensions are constant. 
Geometrical dimen- 
sions vary. 


3. Several homothetic 
machines, operating un- 
der the same tip speed, 
v. Ratios between 
homologous dimensions 
are constant; geometri- 
cal dimensions vary. 


4. One simple centrifu- 
gal machine with vary- 
ing reduction in impel- 
ler diameter D, only. 
Other dimensions and 
rotational speed, w, are 
constant. 


5. One simple centrifu- 
gal machine with vary- 
ing reduction in impel- 
ler width, w, only. 
Other dimensions and 
rotational speed, w, are 
constant. 


dn = constant 
q xo 

H «x w? 

P «x w3 


H = k@q? 


w, = constant 
wr — constant 
Gn = D? 

y « Ds 

H « D2 

Pa D5 


H = constant 

w, — constant 

q « D? H=constant 
na D-1 

P «x D8 


qg «x D? 
H «x D? 
P «x D4 


H = constant 
quw 
Paw 


H=constant 


34 and 35, gives 


= ¢ 
a = vi ( — ) p nee oe (48) 
vy 


where the quantity multiplied by D? is a charac- 
teristic of an established series of machines. The 
basic design of the series is identified by the vol- 
ume and head coefficients ¢ and y. The size of 
each machine is indicated in Equation 48 by the 
outside diameter D, which thus takes the function 
of a geometrical module. Therefore, Equation 48 
constitutes a relationship between the operational 
and the geometrical modules of the general form 
of Equation 1 anticipated in the first article of this 
series: W = kL‘. In this case, the operational 
module W is the specific volume rate, the geometri- 
cal module L is the diameter, the exponent « is 
equal to 2, and the constant factor k, if dimensions 
are consistent, is \/29 (¢/\/y ). 

Specific volume rate, qg,, also has an important 
physical significance. In effect, as demonstrated 
by a general performance chart, Fig. 12, a line 
connecting the normal points of a machine operat- 
ing under various speeds describes a curve closely 
similar to a parabola having its axis coincident 
with the axis of the H ordinates, the same curve 
given by the expression for q,, Equation 46. De- 
parture of the analogous experimental curve from 
the theoretical parabola is one of the many conse- 
quences of the fact that the different laws are 
merely limit laws, exactly fulfilled only by ideal 
machines. In dealing with practical examples, it 
will be shown when these departures have to be 
taken into account and how they may be foreseen. 


Impeller Reduction: Although the foregoing laws, 
which are of strictly rational origin, have a uni- 
versal nature and may be applied to any type of 


Fig. 13—Characteristic g-H pump curves illustrating homologous point 
plots for: a, three homothetic machines operating under constant ro- 
tational speed; 6, reduction in impeller width; and ¢, reduction in im- 
peller diameter. The homologous plots are based on data in Table 8 
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turbomachine practically without limitations, the 
considerations treated in the following discussion 
are only applicable to simple centrifugal or radial 
machines with certain design features and under 
limited conditions. 

These considerations involve changes of perform- 
ance that may result in such machines through re- 
duction of the impeller diameter or width, or of 
both dimensions at the same time. However, in 
spite of the limitations and the empirical character 
of the corresponding relationships, impeller reduc- 
tion has an economical and practical importance in 
tracing turbomachine series since this operation 
allows inexpensive filling-in of gaps between funda- 
mental models and thus reduces the number of 
types in a series or permits the performance of 
standard models to be adapted to unforeseen re- 
quirements in lieu of introducing new models. 

Theory and experience are in agreement that 
the volume, head and power for a pure radial (cen- 
trifugal) impeller, which operates at constant an- 
gular speed, change with diameter D and width w 
according to the general expressions 


qa D2 w ; (49) 
H « D2 ; (50) 
Pa Diw (51) 


As previously indicated, these formulas may be 
applied only to (1) a reduction of diameter, keep- 
ing w constant, or conversely to (2) a change of 
w, maintaining D constant, or to (3) variations in 
both where the operations are performed concur- 
rently. 

The preceding laws of reduction are closely ful- 
filled in practice if the impeller vanes are traced 
according to a logarithmic spiral and if the geo- 
metrical relations between the impeller and the 
volute suffer no appreciable modification when the 
tip of the impeller is machined off. Unfortunately, 
however, this condition is but rarely the case, and 


Fig. 14 — Logarithmic 
q-H charts showing cor- 
fesponding logarithmic 
images for the charac- 
teristic curves and homo- 


logous point plots of Fig. 
13a, at a, of Fig. 13¢ at b. 
Homologous curve func- 
ions appear as straight 
lines with varying slopes 
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the largest permissible reduction is ordinarily 10 
per cent of the original diameter. 


Graphical Techniques: In Table 8, some of the 
more important laws for the tracing of turboma- 
chine lines have been collected. As a basis for rep- 
resentation of these relationships on a q-H chart, 
such as the one in Fig. 12, the general shape of 
the curve corresponding to the law relating q and 
H in each particular case has been indicated in 
the right-hand column. 

The first case confirms the principles previously 
discussed in conjunction with the behavior of a 
single machine operating under several different 
speeds. On a conventional q-H chart, homologous 
point plots describe parabolas having axes coincid- 
ing with the H axis of the chart, Fig. 12. 

The second case indicates that homologous points 
of machines of the same homothetic line lie along 
parabolas having an exponential value of 2/3, 
Fig. 13a. 

From Cases 3 and 5, it is apparent that constant 
peripheral speed machines, as well as those derived 
from each other by reduction in impeller width, 
form constant pressure series; their homologous 
points are found along constant ordinates, Fig. 13b. 

Finally, the fourth case gives the homology of 
impeller diameter reduction. The direct propor- 
tionality existing between corresponding q and H 
values indicates that, as a result of diameter trans- 
formation, point plots are translated according to a 
projection from the axis origin, Fig. 13c. 

All the expressions relating q and H are monomi- 
al with q raised to an exponential power. On a 
logarithmic q-H chart, these expressions appear as 
straight lines, variably inclined according to the 
exponent of q. The affinity between the q-H curves 
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is represented simply by translation of the indi- 
vidual curve points along the sloped lines. The 
slope of these lines is given by the exponent of q 
in the function, H = f(q), and is equal to 2 for 
the case of a single machine with variable rota- 
tional speed and constant dimensions (q, = con- 
stant) ; to 2/3 for the homothetic series (w, = con- 
stant), Fig. 14a; to 1 for the case of machines with 
reduced impeller diameter, Fig. 14b; and to 0 for 
the cases involving constant tip velocity and re- 
duction in impeller width. 

For concise graphical evaluation of a series of 
turbomachines under study, and to provide a basis 
for critical analysis of existing series, an extensive 
q-H logarithmic chart, as shown in Fig. 15, is nec- 
essary. In this chart, together with the basic scales 
of q and H, three additional families of parallel 
scale lines have been developed. The first of these 
families is made up of the lines representing the 
relationship, gq, = constant, in accordance with the 
concepts previously discussed. The second family 
are loci of points of constant power output, P,,, 
and are formed by lines, inclined at 45 degrees, 
which extend in a direction from the upper left- 
hand to the lower right-hand corners of the chart. 
These lines are clearly the logarithmic images of 
the equilateral hyperbolas given by the general ex- 
pression: P,, = qH = constant. 

In the case of the expression, », = constant, 
definite indication is impossible on this chart since 
more than one characteristic index may correspond 


to a single point. In effect, the same pressure and 
volume data may correspond to machines of differ- 
ent w,, if the velocities of operation are also dif- 
ferent and compensatory. To avoid this difficulty, 
a factor dependent only on performance data, and 
relating in simple form the characteristic index 
with the operational speed has been derived. This 
factor w,, which is called the speed ratio,* is given 
by the defined relationship, 


w 


. (52) 
®s 

In Fig. 15, the lines representing », = constant 
are inclined, like those for », = constant, at a 
slope of 2/3. If the value of w,, corresponding to 
a point q, H is determined from the chart and 
rotational operating speed » is known, the specific 
speed is given by w, = w/»,. Thus, with the addi- 
tion of the family of lines for »,. = constant, this 
chart can also be used as nomogram for determining 
w,- Similarly, the operational speed of a pump of 
known »,, g, and H is given by » = w,,. In adopt- 
ing the factor », from Equation 52 instead of 
its reciprocal form, which may perhaps appear 
more logical, decimal values are avoided in the 
upper left-hand area of the chart—the area of 

most frequent use. 


Basic Pump Series Types: In the preceding dis- 


*P. Tedeschi—‘‘Studio Grafico del Campo di applicazione di una 
Turbina Idraulica’’ L’Industria, Milan, Italy, 1925. 


Fig. 15—Comprehensive logarithmic g-H chart for analysis of tur- 


bomachine series. The additional f: 


ies of grid lines include plots 


of constant specific volume rate, constant power output and speed ratio 
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cussions on the development of similarity laws, 
reference has been made to some of the series that 
may govern the grouping of turbomachines. It will 
perhaps be helpful to define briefly these series 
types and list some of their important properties. 

HOMOTHETIC SERIES: This type of series group- 
ing is made up of geometrically similar machines 
having the same specific speed. If the individual 
machines of the series family operate at constant 
angular speed, their normal points are located on 
the logarithmic chart of Fig. 15 along a line for 
which », = constant. 

ISOBARIC SERIES: In this series, the machines 
produce uniform pressure under normal operating 
conditions. If the head coefficient is also the same 
for all of the machines, impeller tip speed becomes 
uniform and the series is called isodromic. On 





Table 9—Unitary Efficiency Curve Data for Impeller Pumps 


PLANNING MACHINE SERIES 


the Cartesian, as well as on the logarithmic chart, 
normal points for the elements of this type of series 
are located on the same constant pressure line. 

IsoDROMIC* SERIES: Constant tip speed is the 
identifying characteristic of this type of series. 
If the head coefficients of the individual machine 
units are uniform as in the case of homothetic ma- 
chines, the series is also isobaric. 

IsOTAKIC* SERIES: Machine elements of this type 
of series operate with equal angular velocity. This 
~~ egince no special expression exists for distinguishing angular from 
lineal velocities, the convention adopted in these articles will be 


the Greek root ‘‘takis’’ for reference to rotational speeds and the 
root ‘‘dromas’’ for lineal velocities. 























Qu <1 “qu >1 . 

Impeller Qu,0.9 ae u,0.9 € 

Type Max. Min. Mean Max. Min. Mean Max. Min. Mean Max. Min. Mean 

Pure Radial 0.75 0.65 0.70 2.2 18 2.0 14 12 1.3 22 18 2.0 . 
Mixed Flow 0.80 0.75 0.775 2.2 1.8 2.0 13 12125 #22418 2.0 
Pure Axial 0.85 0.80 0.825 2.0 15 1.75 12 11 115 25 2.0 2.25 








Fig. 16—Representative uni- 
tary efficiency curves, plot- 
ted on Cartesian co-ordi- 
nates at a2 and in logarith- 
mic form at b, for the three 
basic types of hydraulic im- 
peller pumps. Curve plots 
are based on mean data in 
Table 9 
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case fits pumps and fans directly driven by elec- 


tric motors. 

ISOVOLUMETRIC SERIES: Elements of this series 
deliver the same volume flow rate, while working 
pressure varies from one unit to the other. These 
series are automatically obtained with multistage 
turbomachines, axial or radial, by varying the 
number of coupled stages. 


oxial 
| Mixed flow 
| ! : 
Pure radiol 
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Fig. 17—Above — Unitary pressure-volume 
curves for the three basic types of impeller 
pumps. Heavy lines indicate possible range 
of values and dotted lines represent aver- 
age curve for purposes of orientation 


Fig. 18—Below — Representative unitary 
power input curves for the three basic types 
of impeller pumps 
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In the strictest sense, only the first and the last 
of these groups constitute what can be considered 
as a series; it is only in these two groups that the 
operational characteristics depend on design. For 
the others, operating characteristics depend on 
both design and the particular working conditions 
under which the machine operates. 


Pump Performance Curves: The application range 
of a pump is generally limited by the shape of its 
efficiency curve, except in those special cases 
where other criteria must prevail. In series plan- 
ning, care must be taken to prevent operation of 


‘ any of the pump units at an efficiency too far 


under the normal or design value. Based on the 
author’s experience, suitable criteria which lead 
to economically convenient series are, in terms of 
permissible efficiency loss, 10 to 12 per cent (uni- 
tary efficiency », = 0.90 — 0.88) in small pumps, 
about 5 per cent (», = 0.95) in the medium size 
units and about 2 per cent (», = 0.98) in large 
pumps. 

Practical application of these criteria requires 
a knowledge of the shape of the efficiency curve 
for the specific type of pump. From an analysis 
of the efficiency curves for pumps of different type 
and origin, carried out in accordance with the 
criteria and graphical methods developed in Part 1, 
the relations between each type of pump and the 
shape of its efficiency curve have been studied. The 
following discussion highlights the facts that have 
been established. 


For centrifugal or radial pumps no relationship 
can be established between the shape of the effi- 
ciency curve and specific speed. In accordance 
with the notation convention established in Part 1 
for parabolic analysis, the equivalent parabolas 
for pure radial pumps oscillate between the follow- 
ing limits: q,, 99 = (0.65 to 0.75)-(1.20 to 1.40) 
and e = 138 to 2.2. 


In the case of mixed-flow and especially for the 
pure axial pumps, the efficiency curves become 
more and more arched in their top point as shown 
by the increase of the left-hand value and the 
decrease of right-hand value of the reference in- 
tercept q, 0.9- 

For these types, too, a clear relationship could 
not be found between the shape of the efficiency 
curve and the characteristic index of specific speed. 
Instead, there is pronounced evidence of an inter- 
dependence between the shape of the curve and the 
design of the impeller. When the shape of thie 
impeller does not exactly correspond to the specific 
speed value, as sometimes happens in special de- 
signs, the shape of the efficiency curve is usually 
influenced by the first factor and not the latter. 
Specific examples are deep well pumps with in- 
clined or conoidal flow impellers which operate 
at specific speeds of 2300-2900. Based on the shape 
of the wheel, these designs belong to the class of 
mixed-flow pumps having characteristic indexes of 
4500-6000. In spite this peculiarity, the efficiency 
curves of these pumps resemble those of axial- 
radial pumps and not those corresponding to the 
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pure radial types. 

In Table 9, representative unitary efficiency 
curve data for the three principal pump types have 
been summarized. Curve plots of the mean data, 
in both Cartesian and logarithmic forms, appear 
in Fig. 16. As shown in the chart of Fig. 16b, 
the efficiency curves of radial-axial and axial 
pumps deviate from parabolic form in the over- 
load zone. On the other hand, these pumps can not 
be used in that zone because of the rapid pressure 
drop that takes place there. 

Unitary pressure-volume curves of the three 
principal types of pumps are shown in Fig. 17. 
It can be seen that the slopes of the curves grad- 
ually increase in going from the radial to the axial 
type until, in the case of the latter, the slope is 


Table 10—Typical Series Planning Data 
for Impelier Pumps 








i 

' 

' 
Pump Unit —Qy<1— —q,>1 Series | 
Type Size Mu Qu’ Nu A, q”" Ratio , 
! 

! 





Pure Radial Small 0.88 0.67 0.88 0.73 1.33 1.98 
Medium 0.95 0.79 0.95 0.84 1.215 1.54 
Large 0.98 0.8650.98 0.91 1.1351.81 


Mixed Flow Small 0.88 0.7650.88 0.60 1.27 1.68 
Medium 0.95 0.84 0.95 0.79 1.175 1.40 
Large 0.98 0.90 0.98 0.90 1.11 1.23 | 


Pure Axial Small 0.88 0.8050.88 0.58 1.16 144 | 
Medium 0.95 0.88 0.95 0.77 1.11 1.26 , 
Large 0.98 0.93 0.98 0.80 1.0731.15 |, 


such that the application range of the machine is 
limited for lack of pressure rather than for de- 
crease of efficiency, as indicated in the foregoing 
discussion. 

The pressure chart has been divided into three 
regions, corresponding to centrifugal, mixed-flow 
and axial pumps, and a dotted curve has been 
drawn in the middle of each zone. This curve may 
be considered as typical of the particular type 
of pump for purposes of orientation, a function for 
which the actual curve is not generally available. 
But once the analysis of a basic model has estab- 
lished the true curve, it is more convenient to take 
this actual result as a basis for tracing the pump 
line since the curves of Fig. 17 give only approxi- 
mate mean values 

The shape of the unitary power input curve, 
Fig. 18, has no direct influence on series develop- 
ment in its initial phase. It must only be taken 
into account when, during the detailed study of 
a line of pumps directly driven by electric motors, 
the number of power connections with standard 
motors for each pump has to be calculated and the 
Safety ratio, to be allowed between the capacity 
of each motor and the input of the pump, has to 
be fixed. It is evident that the shape of the input 
Power curve has a direct influence on these deci- 
sions; pumps with sloped curves require a greater 
number of power connections and a larger safety 
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ratio than pumps with an almost constant input, 
such as the mixed-flow units. 

As indicated by the curves in Fig. 18, pure 
radial and axial pumps, which represent opposite 
extremes in both the range of pump types and 
specific speed, show opposite characteristics with 
regard to power input. For the former, as power 
increases with volume rate the danger of overload- 
ing the motor increases when the resistance of the 
external circuit decreases. Conversely, for the 
pure axial type, a reduction of external resistance 
produces a smaller power input. In both of these 
cases, the coupling of one model of pump with 
different motors must be taken into account. For 
the intermediate mixed-flow units, however, the 
uniform power characteristics generally permit 
each model to be coupled with a single motor size, 
preferably the one that is best suited to the maxi- 
mum power input indicated by the maximum 
ordinate on the plot of the corresponding power in- 
put curve. 

With the foregoing considerations of character- 
istic curves as a guide, attention can now be given 
to the determination of the application range of 
each machine of a series and, consequently, the 
ratios of the progression of operational modules. 
From the effeciency curve for the particular pump 
type, with allowance for loss of efficiency based on 
power requirements, the two limiting values of 
volume rate for the application range can be 
established, the minimum value acting as the 
limit in the region q, < 1 and the maximum in 
the region q, > 1. As previously pointed out, the 
ratio of the progression is the ratio of these two 
limiting values. 

Results of a typical calculation to determine ap- 
plication ranges for the three principal pump types 
in the whole range of sizes are collected in Table 
10. Minimum allowable unitary efficiencies have 
been fixed in accordance with criteria cited previ- 
ously in this article. Unitary volume rates cor- 
responding to each unitary efficiency have been de- 
termined from parabolic analysis of typical effi- 
ciency curves, Fig. 16b. The series ratios given in 
the far right-hand column of Table 10 are the 
ratios between maximum and minimum unitary 
volume rates, q,,” and q,’, respectively. Calculation 
of this ratio can perhaps be best demonstrated by 
taking as an example the small centrifugal pumps 
for which data are given in the top line of Table 10. 
On Fig. 16b at the ordinate value », = 0.88, the 
abscissas of the left and right-hand intercepts of 
the straight lines for centrifugal pumps are q,’ = 
0.67 and q,” = 1.33, respectively. The ratio of 
these two values is 1.33/0.67 = 1.98, which means 
that for this type of pump and the given region 
of the series the ratio between limiting normal 
volumes may be taken as approximately equal to 2. 

In the analysis of the right-hand unitary effi- 
ciency chart region, gq, > 1, the pressure value 
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corresponding to the limiting maximum volume 
and determined on the basis of efficiency criterion, 
has been taken into account. This supplementary 
investigation has been made to assure that the 
calculated maximum volume does not fall to the 
right of the “breakdown” zone of the pressure 
curve, a case which would render adoption of that 
value impossible. 

That the latter undesirable condition does not 
occur for the pump groups in Table 10 is indicated 
by the values of unitary head, H,. Thus, it must 
be generally concluded. that when pressure drops 
rapidly on the overload side of the normal point, 
efficiency also acts in the same manner and vol- 
ume rate is limited at nearly the same time by 
both of these restricting influences. Nevertheless, 
the importance of the pressure-maximum volume 
relationships must not be overlooked, since there 
are pumps in which the pressure drop acts to 
limit the volume rate before the point of smallest 
allowable efficiency is reached. 

The following example will perhaps be helpful 
in demonstrating how the data of Table 10 may 
be directly applied to the planning of a series. 


Centrifugal Pump Series: Assume that a series 
of centrifugal pumps (top group of Table 10) is 
to be planned in which the ratio between the limit- 
ing operational modules is approximately 1/150. 
To determine the required series, it will be neces- 
sary to find a second-order progression covering 
the range of term values and having first and last 
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Fig. 19—Typical mixed-flow pump designs 

showing cross section of small-size unit and 

two views of similar medium-size unit. 

Photos, courtesy Siam-Di Tella Ltda., Buenos 
Aires 


ratios equal to those given in Table 10 for the 
small and large size pure radial pumps, respective- 
ly, 1.98 and 1.31. 

From the planned progressions listed in Table 5 
of Part 2, if the last term of progression 6-13-A 
is disregarded and the remaining terms are raised 
to the third power, the following series is obtained: 
Number of terms, n = 12; first term, a = 1; 
last term, 7 = 5.313 = 149.7 = 150; first ratio, 
r = 1.259% = 1.995 = 2.00; last ratio, 7, = 
1.076 =~ 1.246 = 1.25. 

These values agree closely with the given data 
and if deviations occur they are in a favorable 
sense. Operational modules will thus also be pro- 
portional to the cubes of the terms of the planned 
progression, forming the series: 1.00, 2.00, 3.89, 
6.86, 12.00, 19.68, 31.26, 46.66, 67.42, 91.73, 119.5, 
149.7. 


Mixed-Flow Pump Series: The following examp'é 
illustrates the development of a complete pump 
line. 

Assume that a line of mixed-flow pumps having 
a basic design similar to that shown in Fig. 19 's 
to be traced. The operational characteristics of 
the pumps composing the series are based on com- 
plete tests perfomed with a model unit, which 
has the following characteristics: Nominal dia!- 
eter (measured at the center point of the deve'- 
opment of the outlet edge of the impeller vane), 
D = 10 in.; impeller angular velocity, » = 1430 
rpm; impeller design tip speed, v, = 62.4 fps: 
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total manometric head, H, = 37.95 ft; volume 
flow rate, gq, = 3640 gpm; efficiency, » = 84 per 
cent; input power, P = 41.5 hp; volume coefficient, 
@ = 0.187; head coefficient, y = 0.627; specific 
speed, w, = 5,640. 

Based on the reasons given previously in the de- 
scription of the different types of pump series, it 
can be shown that this case is typical of one in 
which a homothetic line must be followed. The 
series must also be isobaric because the proposed 
application of these pumps requires a uniform 
pressure output oscillating around the value at 
which the model pump has been tested; that is, 
between 35 and 40 ft. Both types of series may 
be integrated under the condition that each pump 
operate at a different rpm, as determined by iso- 
dromic considerations. 

Limiting volume rates to be assigned to the 
series, as determined on the basis of the most 
probable market requirements, are: Minimum vol- 
ume rate = 1500 gpm, maximum volume rate = 
24,000 gpm. The ratio between these limiting 
values is 24,000/1500 = 16 approximately. 

For a first approach, it will be assumed that 
the efficiency of all of the units of the series re- 
mains constant and equal to that of the model 


Fig. 20—Graphical analysis 

of mixed-flow pump test 

model characteristics show- 

ing: a, — performance 

curves and 6, logarithmic 

plot of unitary efficiency 
curve 
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pump. Normal input power is thus 250 and 18 hp 
for the largest and smallest pumps, respectively, 
both values being calculated from the limiting vol- 
ume rates on the basis of a constant head of 37.95 
feet. With these power values, which are factors 
of considerable importance for centrifugal pumps, 
the allowable losses in efficiency must be relatively 
low. For the smallest and largest elements of the 
series to be traced, permissible losses of 10 and 
5 per cent, respectively, will be taken. 
Minimum allowable unitary efficiencies are thus, 
™m = 90.90 and », = 0.95. With these efficiency 
values as a basis, the limiting volume rates cor- 
responding to the smallest and largest pump units 
may be found through parabolic analysis of the 
model pump efficiency curve on a symmetrical 
double-sided logarithmic chart of the type shown 
in Fig. 5 of Part 1. Initial and final ratios of the 
progression of volume rates are then derived from 
the calculated ratios of the limiting volume rates 
determined for each unitary efficiency value. The 
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following analysis may be helpful in illustrating 
the details of this procedure. 

Curves of unitary efficiency, power input and 
head for the model pump, as plotted from test 
data, are shown in Fig. 20a. Specific point values 
have been indicated for convenience of identifica- 
tion. Significant points on the efficiency curve 
for purposes of parabolic analysis are: 








qu Nu qu Nu 
0.7 0.82 1.1 0.978 
0.8 0.915 a 0.91 
0.9 0.978 1.25 0.86 
1.0 1.0 





Curve plots of these points on a double-sided 
logarithmic chart, in which the goniometric scales 
have been omitted, are shown in Fig. 20b. Ref- 








Allowable 
Efficiency 

Loss Nu Qu + Qu’ Qu" /Qu' 
(per cent) 





10 0.90 1.21 0.78 1.21/0.78 =1.55 
5 0.95 1.16 0.845 1.16/0.845=1.38 





In summary, two important conditions relating 
to the series of operation modules have now been 
established: (1) The ratio of the values of the 
limiting terms of the series of volume rates must 
be approximately equal to 16 and (2) the first 
and last ratios of the corresponding progression 
must be 1.55 and 1.38, respectively. Attention 
may now be directed to evaluation of the an- 
alogous characteristics of the series of geometrical 
modules. 

From the laws of similarity, it has been estab- 
lished that the geometrical modules of a homo- 





thetic isobaric series (reference diameters) are 
proportional to the square root of the operational 
modules (normal volumes). Consequently, accord- 
ing to the properties of second-order progressions, 


erence values for these curves, using the nota- 
tion discussed in Part 1, are found from the chart 
to be: q, o9 = 0.78-1.21, e = 2-2. The complete 
results of the curve analysis are as follows: 











Table 11—Mixed Flow Pump Series 













Volume Effi- 





Pro- Impeller Rota- Tip Head Volume 










Series gres- Diame- Diameter tional Velocity, Coeffi- Coeffi- Volume Rate ciency, Power 
Model sion ter, D Ratio Speed,w, v, cient, y cient,¢ Rate,q, Ratio Head,H 7, Input, P,, 
(in.) (rpm) (fps) (gpm) (ft) (percent) (hp) 
1 1.000 6.38 2.266 63.1 0.613 0.182 1,460 pe 37.9 82.0 17.1 
2 1.259 8.04 1.259 1.788 62.7 0.620 0.185 2,330 1.601 37.9 83.0 27.0 
3 1.567 10.00 1.245 1.430 62.4 0.627 0.187 3,640 1.558 37.9 84.0 41.5 
4 1.928 12.30 1.230 1.155 62.0 0.635 0.189 5,530 1.520 37.9 84.8 62.4 
5 2.344 14.96 1.216 946 61.8 0.640 0.190 8,170 1.477 37.9 85.6 91.4 
6 2.818 17.98 1.202 784 61.5 0.645 0.191 11,850 1.451 37.9 86.2 132.0 
7 3.350 21.38 1.189 657 61.3 0.650 0.193 16,850 1.422 37.9 86.8 186.0 
8 3.936 25.12 1.175 557 61.1 0.655 0.194 23,300 1.383 37.9 87.4 256.0 

















Fig. 21—Comprehensive g-H chart with curve plots for planned series 
of mixed-flow pumps. Curve data have been taken from Table 10 
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the ratio between the values ry the limiting terms 
of the series will be \/16 = 4, while the first and 
last ratios of the same series pe be \/1.55 = 1.25 
and \/1.38 =~ 1.18, respectively. These data would 
be sufficient to permit calculation of a series, but 
it is convenient to try first for direct adoption of 
one of the planned second-order progressions, 
Table 5, seeking in particular one having an ele- 
ment corresponding to the model pump on which 
the series development has been based. 

None of the planned progressions fit the re- 
quirements exactly; however, a sufficiently close 
approach is obtained if the 10-17-A series is 
limited to the first eight terms. This modified 
grouping gives a term ratio of 3.936 and limiting 
progression ratios of 1.259 and 1.175 as compared 
to the desired results of 4, 1.25 and 1.18. 

At this stage in the series development, it is 
convenient to make sure that the series is in accord 
with the economical criterion given in Part 1. If 
the line is extended until the ratio of limiting 
terms reaches 10, the number of terms becomes 17. 
This number falls in the range of maximum con- 
venience established by economic considerations, 
and is on the high side of this range as required 
by the commercial criteria. The series is thus 
acceptable from three points of view: efficiency, 
production cost and sales. 

From Equation 31, solving for D and assuming 
for this first approach that ¢ and v, along the 
entire line remain constant and equal to the cor- 
responding values for the model pump (¢ = 0.187, 

= 62.4 fps) gives the reference diameters of the 
smallest and largest types. Calculations are based 
on the limiting volume rates previously determined. 
Thus, for gq = 1500 gpm = 3.45 cfs, 





= 0.54 feet = 6.5 inches 


y 3.45 
p= ND 
0.187 (62.4) 


and for q = 24,000 gpm = 53.5 cfs, 





53.5 
DBD = y —_—_—_—__—___—— = 2.14 feet = 25.7 inches 
0.187 (62.4) 


The complete development of this line is given 
in Table 11. Incorporation of the model pump 
as one of the units of the final line has neces- 
sitated a correction in the reference diameters of 
the first and last models. In effect, if that basic 
reference diameter (10.00 inches) is made to cor- 
respond to the third term of the fixed basic 
progression 10-17-A, and all the other diameters 
are made proportional to the remaining progres- 
sion terms, the reference diameters listed in the 
table are obtained. Although the first and last 
of these values are not exactly equal to those pre- 
Viously determined, the differences are tolerable. 

To account for the influence of the absolute 
size of each model on its actual performance, a 
Possible and probable scale of the quantities y, ¢ 
and » has been developed in Table 11 by com- 
Parison of the present case with other known and 
Similar cases. From the established coefficients 
of y and based on a constant head, H,, for the 
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whole line, the peripheral speed v, for each unit 
can be calculated from Equation 32. It will 
be noted that this is the first departure from the 
ideal isodromic series concept and is necessitated 
by the fact that the manometric head coefficient 
y varies slightly along the line, thus deviating 
from the ideal case. 

From the established values of velocity, v,, 
basic diameter, D, and the probable scale of vol- 
umetric coefficients ¢, the normal flow rates of 
each model, g,, can be determined by means of 
Equation 31. Rotational speeds, w,, can be found 
directly from v,, and D. 

Power input, P,, for each unit can be readily 
determined from the values of volume rate, q,, 
constant head, H,, and probable efficiency, y,. The 
efficiency values constitute the third probable scale 
of factors that must be predicted on the basis of 
similar known cases. 

As a final check on the series planning results, 
the actual volume rates and their ratios must be 
compared with the values initially established for 
the limiting flow rates and the limiting ratios of 
the series of volumes rates. This comparison is 
as follows: 





Volume Rates Limiting Ratios 


1500-24,000 1.55-1.38 
1460-23,000 1.601-1.383 





Desired 
Actual 





The curve plots of this series on a q-H logarith- 
mic chart are shown in Fig. 21. The q-H curves 
passing through the design points have been traced 
as similar curves, based on the curve, developed 
from test results, for the model pump. Actually, 
some differences will exist between the various 
curves, but these differences have only a secondary 
influence on the tracing of the series and may 
be neglected. 

It must be emphasized that this example of 
series development, as well as the other practical 
and numerical examples to be given in these 
articles, can not be assumed to have general ap- 
plicability. Differences in production facilities and 
techniques, for example, may often dictate a modi- 
fied approach to the application of the same basic 
principles. 


Isotakic Pump Series: In the case of direct-driven 
pumps operating at constant angular velocity, the 
procedures and methods of the preceding example 
are only of limited use and value. For these types 
of pumps, which utilize an electric motor drive, 
rational series planning results can be achieved 
only through a special method of attack based 
on different criterja. Full details of this approach 
will be treated in Part 5. 

In the next article of this series, Part 4, attention 
will be given to the problems and methods of at- 
tack in planning series of gear reducers. 








Air Conditioner-Furnace Designed 


for Serviceability 


Compactness and design for serviceability are outstanding 
characteristics of a recently introduced furnace-air conditioner 
for residential use. Units now being built have nominal cooling 
capacities of 2.1 and 3.2 tons of refrigeration and heat outputs 
of approximately 80,000 and 112,000 Btu per hour. Designed 
to be used with conventional hot-air heating ductwork for both 
heating and cooling, the York Corp. Yorkaire heating unit may 
be fired by any kind of domestic heating oil or any type of 
fuel gas, such as natural, mixed, manufactured, liquefied pe- 
troleum or dual fuel gas. Smaller of the two units measures 
only 2614 by 361% by 63 inches high and is priced below $1000. 


Air conditioning unit of the Yorkaire consists of two sepa- 

rate cooling systems, each powered by a 1-horsepower electric 
motor in this 2.1 ton cooling capacity model. Servicing is fa- 
cilitated by pull-out design which provides easy access for parts 
replacement or permits replacement of the entire unit by an- 
other, with no necessity of tak- 
ing down ductwork. Twin cool- 
ing systems use step-starting to 
reduce starting current inrush 
which would exist if both mo- 
tors were started simultaneous- 
ly or if only a single motor of 
equal horsepower were used. 
Operating economy is also pro- 
vided by automatic operation of 
only one cooling and dehumidi- 
fying circuit when full capacity 
is not required. When cooling 
or dehumidifying requirements 
exceed the capacity of one unit 
the other is automatically 
placed in operation. 


Electrical control package of 
the cooling unit can be slid for- 
ward to allow easy 
access to the parts 
for servicing. Remov- Sorting capacitors §— ANS Reiays 
al and replacement of 
the entire box as a 
unit is also possible. 
All motor starting re- 
lays and capacitors, 
overload relays, step 
starting relays, a cir- 
cuit breaker and 
transformer are 
mounted in the re- 
movable control box. 


CONTEMPORARY DESIGN 


MACHINE DESIGN——September 1954 














CHARTS SIMPLIFY 


Design of Positive-Displacement 


[MACHINE DESIGN 


Data Sheet 


PUMPS AND MOTORS sive: s. snes 


N THE DESIGN of positive-displacement pumps 
and motors, the basic variable hydraulic fea- 
tures of fluid mechanics, such as viscosity and 

fluid inertia, generally play only subordinate rolls 
and can accordingly be frequently neglected. This 
leaves only geometrical construction as the major 
important criteria for similarity. As shown in a 
previous article,* volumetric capacities of gear 
pumps can be determined from known character- 
istics of other gear pumps. In general this same 
reasoning holds true for other types of constant- 
delivery pumps. Thus, from the familiar equation 
of volumetric capacity of a vane pump, Fig. 1, 


Q = 0.0272 Denw .. Ber iiat (1) 
similarity considerations make it possible to write 


Q: Dy €, 1 Ww; 
Shans S00  nescnmtisanmmenteninn ere Tere eee 
Q2 De €2 Nz We 


Likewise, by employing the equation of volumetric 


*Reiner J. Auman—‘‘Chart Simplifies Design of Gear Pumps,”’ 
MACHINE DESIGN, Vol. 26, No. 3, March 1954, Pages 185-187. 
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Fig. 1 — Left — Basic 
cross-sectional 


of piston type pump 


Fig. 2 — Right — Basic 
cross - sectional diagram 
of vane type pump 


Design Engineer 
Kerns Mfg. Corp. 
Long Island City, N. Y. 


capacity of a piston type pump, Fig. 2, 
Q = 0.008656 AlNn (3) 
it can be shown that 


Qi Ail, Nin 
.«—, _ (4) 
Q2 Az lz N2N2 





Since, in initial design work, efficiency nearly 
always enters into the picture, it is important to 
know how a single unit will perform when used 
interchangeably as pump or motor—which is com- 
mon practice. On the surface it would appear that 
a hydraulic unit should perform equally well when 
employed as either a pump or a motor, but this 
is not always true. Total efficiency for a hydraulic 
unit is 


17 = 1V 7M . ° (5) 


Volumetric efficiency for a pump is 


Q 
— 2 Qov_ . (6) 
Qap Vip 








diagram 
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Fig. 3—Vane pump design chart 
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while the volumetric efficiency for the same hy- 
draulic unit used as a motor is 


vm = Gam =. om pe eee et See hols aseshee 


Qim Qim 


The mechanical efficiency of a pump may be 
expressed 








oo, = eee re (8) 


and for a motor the mechanical efficiency is 


P P 
a SO cme MDa Ss Us nek adwwaw enon wes vies (9) 
Pham Pum 





Therefore, when a hydraulic unit is used as a 
pump, it can be shown that pump output power 





Nomenclature 


A = Area of piston in piston pump, sq in. 
D = Diameter of vane pump housing, in. 
d@ = Diameter of piston in piston pump, in. 
6 = Eccentricity distance in vane pump, in. 
1 = Length of stroke in piston pump, in. 
N = Number of pistons in piston pump 
* = Rotational speed, rpm 
P;,, = Hydraulic power, hp 
P; = Input power, hp 
P, = Output power, hp 
p = Hydraulic pressure, psi 
Q = Hydraulic flow rate, gpm 
Qa = Geometric displacement flow rate, gpm 
Q; = Input flow rate, gpm 
2, = Output flow rate, gpm 
nu = Mechanical efficiency »f hydraulic unit, per 
cent 
ny = Total efficiency of hydraulic unit, per cent 
ny = Volumetric efficiency of hydraulic unit, per 
cent 
w = Width of vane pump rotor, in. 
Subscripts: m denotes motor, p denotes pump 








of the fluid discharged is 
P.» = 0.000583 Q.p p (10) 


By transposing terms in Equation 6, pump output 
flow rate is Q,» = vp Qap Which substituted in 
Equation 10 shows pump output power can be 


expressed 
Pop = 0.000583 Qap typ P ..........---00--- (11) 


Likewise, hydraulic power input to a unit used as a 
motor can be expressed 


SY Be eee coer, Stee ae (12) 


Since the output of a motor is by nature mechan- 








PUMPS AND MOTORS 


ical, by transposing terms in Equation 9 the motor 
hydraulic power Py», = Pom/nym Which substituted 
in Equation 12 gives 


Pom = 9.000583 Qam 1mm P bib che dale 


Dividing Equation 13 by Equation 11 results in the 
following fundamental power and efficiency re- 
lationship 


Pom _ Mm (14) 


Pop Vp 





since Q4, = Qa» in the same hydraulic unit and 
these terms cancel. Thus, when the mechanical 
and volumetric efficiencies are equal, a unit will 
perform equally well as either a pump or a motor. 
If, however, the mechanical efficiency is higher, 
performance of the unit as a motor will be better. 
If volumetric efficiency is higher, the unit will 
operate more efficiently as a pump. 


Chart Solutions: Pump or motor geometrical 
dimensions may be rapidly determined by employ- 
ing the charts shown in Figs. 3 and 4. The chart 
in Fig. 3 is for vane type units and Fig. 4 is for 
piston type units. The alignment chart in Fig. 5 
enables the designer to quickly determine power, 
pressure, and rate of flow in conjunction with the 
charts in Figs. 3 and 4. 

The following example problems and solutions 
illustrate the general use of the charts. The first 
example shows the solution procedure for deter- 
mining flow rate from a vane pump. 

EXAMPLE 1. Determine output flow rate of a 
vane pump in which rotor width w = 1.75 inches, 
eccentricity e = 0.25-inch, housing diameter D = 5 
inches and rotational speed m = 1750 rpm. 

Start from the n = 1750-rpm point on the ro-. 
tational speed scale in the Fig. 3 chart and rise 
vertically until the e = 0.25-inch line is intersected. 
From this intersection go horizontally right until 
the D = 5-inch line is crossed, then drop vertically 
to the w = 1.75-inch line. At this intersection go 
horizontally right until the flow-rate scale is in- 
tersected and read Q = 104 gpm, approximately. 

EXAMPLE 2. As an illustration of how to handle 
the factors of efficiency and power, suppose a pis- 
ton pump is to be designed which will have an out- 
put flow Q = 65 gpm when driven at a rotational 
speed » = 1800 rpm against a pressure p = 500 
psi. Assuming a volumetric efficiency ny = 95 
per cent and a mechanical efficiency ny = 85 per 
cent, find suitable pump dimensions and pump 
input power required. 

Design output flow rate is found by dividing 
actual required output flow rate by volumetric 
efficiency or 65/0.95 = 68.4 gpm. On Fig. 4, lay 
off a line horizontally left from the point Q = 
68.4 gpm and cut across all the number of pistons 
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Fig. 4—Piston pump design chart 
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(100) 10 
P28 


(80) 8 
(60) 6 


Fig. 5 — Alignment chart 

for determining hydraulic 

power, pressure, and liquid 
flow rate 





lines. Then lay off a verti- 
cal line upward from the 
point m = 1800 rpm and 
eut across all length of 
stroke lines. By using a 
right triangle keeping the 
two legs parallel to the 
principal axes of the chart, 
position the triangle so 
that the apex of the right 
angle lies within range of 
the area of piston lines 
while the two triangle legs 
intersect the previously 
laid out lines within the 
range of the number of 
pistons lines and length of 
stroke lines. By moving + 
and scanning the right 
triangle, suitable length 
of stroke, area of piston, 
and number of pistons can 
be arbitrarily selected to 
meet the design specifi- 
cations. Therefore, one of many practical solutions 
to this problem, within the range of good design 
practice, would be N = 11, 1 = 0.7-inch and 
A = 0.57 square inch. Since A =7d?/4 =0.785d’, 
diameter of piston d = 0.85-inch. Referring to 
the Fig. 5 alignment chart, draw a straight line 
through given values Q = (68.4) gpm and p = 500 
psi and continue left until the power scale is inter- 
Sected and read P = (19.9) hp. However, since 
the mechanical efficiency of the pump is only 85 
per cent, the actual horsepower needed is 19.9/0.85 
= 23.5 hp. 

EXAMPLE 3. This example illustrates the utility 
of the solution charts for determining the dimen- 
sions and characteristics of a hydraulic motor. 
Suppose it is required to design a hydraulic vane 
motor which will have an output power P = 8 hp 
at a rotational speed n = 1500 rpm. Assume a 
fluid flow input Q; = 20 gpm is available, volu- 
metric efficiency yy = 85 per cent and mechanical 
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efficiency yy = 90 per cent. Since 20 gpm input is 
available the geometric displacement of the motor 
Qa = Qmv = 20(0.85) = 17 gpm. On the Fig. 5 
alignment chart, connect with a straight line the 
points Q = 17 gpm and P = 8 hp which will inter- 
sect the pressure line at p = 810 psi. Since the 
mechanical efficiency is only 90 per cent, actual 
line pressure required is p/yny = 810/0.90 = 900 
psi. 

To obtain the geometrical dimensions of the mo- 
tor, on Fig. 3 lay off a horizontal line left from 
Q = 17 gpm cutting across all width of rotor lines. 
Also lay off a vertical line up from the point 
n = 1500 rpm cutting across all eccentricity lines. 
Following a procedure similar to the one outlined 
in Example 2, by moving and scanning a clear 
plastic triangle so the right angle apex falls in 
the vane pump housing diameter region, one of 
many practical solutions to this problem is e = 
0.138-inch, D = 4 inches and w = 0.75-inch. 





MACHINE DESIGN—September 1954 





Applying the 


Magnetic Amplifier 


Rugged and reliable, the magnetic 
amplifier is today finding widespread 
industrial acceptance in a growing 
number of control applications 


ITH certain exceptions, the 

magnetic amplifier works 
similarly to most power amplifiers. 
A low-power input current controls 
a higher-power output current, the 
change in output being nearly pro- 
portional to the change in input, 
Fig. 1. 

Typical steady-state character- 
istics of a magnetic amplifier, a 
rotating amplifier and dc genera- 
tor, and an electronic amplifier 
are shown Fig. 2. The magnetic 
amplifier’s normal operating range 
is selected so that its output in- 
creases almost linearly with input. 
The drooping upper portion of the 
curve is used only when the ampli- 
fier is overexcited or forced, for 
short periods of time, to obtain 
fast response. Although the curve 
is somewhat similar to the satura- 
tion curve of a dc generator, it 
will be noted that the magnetic 
amplifier’s output doesn’t reverse 
when the input signal is reversed. 
In fact, just the opposite happens; 
large values of reverse (negative) 
input current tend to increase out- 
put current in the forward (posi- 
tive) direction. 

This increase in output is op- 
posite the normally expected re- 
sults. And sometimes it can be 
most disconcerting if not consider- 
ed in the design of a system. Asa 
simple example of this effect, take 
a hypothetical situation where an 
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operator is reducing the speed of 
a magnetic-amplifier-controlled dc 
motor drive. Were he to decrease 
the control signal beyond the 
point where it reversed (changed 
polarity) the drive would begin to 


DESIGN 
ABSTRACT! 


oOo —]— = oo 3 = cc = ce es 


ii a a a a 


pick up speed again. However, re # 
cent techniques have minimized and 
practically eliminated this undesir- 
able portion of the magnetic amp- 
plifier’s characteristic curve. 
The magnetic amplifier is irre- 
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Fig. 1—Typical magnetic-amplifier control system. A dc signal 
applied to one or more control windings of the a ma varies the 
magnetic permeability. Thus, the impedance to ac flow through an 
output winding is also varied to produce an amplifying ctiod. 
Metallic rectifiers usually convert output to dc. In the system 
shown, the regulated quantity (actual speed) is compared with the 
input quantity (desired speed) and the difference is amplified to 
maintain an accurate balance between the two 
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yersible because metallic rectifers 
are used in its output circuit. 
Where reversing characteristics 
are required, two magnetic am- 
plifiers can be used whose out- 
puts are opposed. This is, however, 
an extremely inefficient method. 
It is employed for relatively low 
power outputs where efficiency is 
of little concern. 

As with all inductive circuits 
there is a time delay between the 
change in input signal to a mag- 
netic amplifier and the correspond- 
ing change in its output. The 
time delay can be shortened by 
wing a larger input signal, but 
this also reduces amplification. A 
series resistance can be added to 
the input winding to decrease in- 
put circuit reactance. 

A magnetic amplifier’s output 
appears as rectified pulses of its 
ac input. And if the magnitude of 
the input power is increased suf- 
ficiently, the theoretical minimum 
time delay—one half cycle of the 
ac supply frequency—can be ap- 
proached. Thus, the higher the 
power-supply frequency, the faster 
the magnetic amplifier can be de- 
signed to operate. For this rea- 
son power-supply frequencies of 
400 cycles per second for power 
magnetic amplifiers and in the 
kilocycle per second range for con- 
trol magnetic amplifiers are quite 
common. 

Characteristics of a magnetic 
amplifier are changed not only by 
variations in the ac supply voltage 
and frequency but also by changes 
in the load itself. Near maximum 
output conditions, the predominant 
factor limiting the load current 
is the load’s impedance. 

Maximum load is defined as that 
lad at which there is a maximum 
output power change for a given 
mput power change. If the ac 
supply voltage increases, the out- 
put will increase for a fixed input 
‘ignal. Likewise, if the ac supply 
Voltage decreases, the output will 
decrease for a fixed input signal. 
For both a fixed ac supply volt- 
4g¢ and input signal, a decrease in 
the supply frequency will have 
*PProximately the same effect as 
a2 increase in the supply voltage, 
and vice versa, 


5 berating Characteristics: One 
ay to Judge the true worth of the 
magnetic amplifier is to compare 
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Fig. 2—Comparison of steady-state characteristics for three types of 
electrical a Magnetic amplifier, like the electronic ampli- 


fier but 


its characteristics and features 
with those of competitive devices; 
namely the electronic and rotating 
amplifiers. 

For reliability, the magnetic am- 
plifier is preferable to the elec- 
tronic amplifier. What it amounts 
to is a choice between an amplifier 
with long-lived, stable and rugged 
components versus one equipped 
with vacuum tubes having a long 
but still unpredictable life. 

From the maintenance stand- 
point the magnetic amplifier is 
preferable to the rotating amplifier 
on the basis of a completely static 
device versus one with bearings, 
brushes, and a commutator. 

In speed of response the mag- 
netic amplifier, in general, can only 
equal the rotating amplifier with 
difficulty. It can only approach the 
electronic amplifier in speed if it 
is designed for a high-frequency 
power supply; say, 1000 cps or 
higher. 

For reversing applications the 
rotating amplifier is supreme. The 
magnetic amplifier shares with the 
electronic amplifier the irreversible 
characteristics of the _ rectifier, 
whether metallic or vacuum tube. 
On the other hand, it shares with 
the rotating amplifier the distinc- 


e the rotating amplifier, is my anise a reversed 
input signal increases its output in the forward di 


rection 


tion of having its various input sig- 
nals completely isolated. Because 
of this, magnetic amplifiers can be 
readily connected in series. 

Further, a magnetic amplifier’s 
components can be sealed for pro- 
tection against adverse environ- 
mental conditions. And it can be 
constructed to withstand shock and 
vibration better than either rotat- 
ing or electronic amplifiers. 


Application Considerations: In 
many applications a magnetic am- 
plifier is used where its only ad- 
vantage is the character of its com- 
ponents. In other words, the am- 
plifier’s reactors, metallic recti- 
fiers, and resistors can all be 
mounted in cabinets containing re- 
lays, contactors, and meters of the 
over-all system. Also, because the 
magnetic amplifier can be com- 
pletely sealed, high-altitude and 
similar environmental applications 
can dictate its use. 

For applications where only a 
few watts output is required, the 
magnetic amplifier will be smaller 


- than either the electronic or rotat- 


ing amplifiers. In this instance 
all its components can be sealed 
in a single can. 

Because magnetic amplifiers are 
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Fig. 3—Typical industrial applica- 
tions of the magnetic amplifier 
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Turbine-driven Generator: Ac out- 
put voltage is regulated by combi- 
nation of magnetic and rotating 
amplifiers. Deviations of output 
voltage from a magnetic standard 
reference are detected and ampli- 
fied by two stages of magnetic am- 
plifiers, a rotating amplifier and a 
conventional dc exciter 











ELECTROPLATING 
Saturable 
reactor Metering 
; shunt 
_At voltage spply a 
Dc output 
to plating 
tank 
Rectifier Lil 
L ae ee | 
i 
Operator's 
adjustment 
Current feedback signol 











Magnetic amplifier 


Automatic Process Control: Feed- 
back signal from a dc metering 
shunt, used to measure large cur- 
rents of electroplating process, is 
amplified by magnetic amplifier 
which compares the signal to op- 
erator dial setting and controls of 
the impedance of the saturable re- 
actor. The system prevents large 
power losses 
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Diesel-Electric Locomotive: Excita- 
tion of main generators is regulated 
by magnetic amplifier, controlling 
speed and acceleration of traction 
motors in response to throttle set- 
ting. Signal from diesel engine gov- 
ernor sets up a power limit and re- 
duces wheel speed when more trac- 
tive effort is needed, thus prevent- 
ing engine from “lugging down” 
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Destroyer Steering Engine: Error 
signal from two electrically con- 
nected selsyns, which compare po- 
sition of helmsman’s control lever 
with that of rudder, is amplified by 
magnetic amplifier to excite rotat- 
ing amplifier. The latter device ex- 
cites a dc motor that opens or 
closes a valve to control the hydrau- 
lic motor which moves the rudder 
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High-Speed Press: Ignitron recti- 
fier, controlled by a magnetic am- 
plifier feeding firing circuit, sup- 
plies power to de shunt drive mo- 
tors. Second amplifier controls mo- 
tor shunt field supply. Combination 
provides 50/1 speed range. The 
magnetic-amplifier controlled ig- 
nitrons for this service are rated 
150 to 300 kilowatts 
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Pickling and Cleaning Process: 
Speed of steel strip is regulated by 
magnetic-loop control which em- 
ploys magnetic and rotating anm- 
plifiers. Acid-resistant pickup as- 
sures maximum footage of steel in 
pickling tank without allowing strip 
to drag. Output of pickup, which 
depends on proximity of strip, is 
amplified to regulate entry speed 
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Ac Generating Equipment: Output 
of ac generator is regulated by a 
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essentially power amplifiers, they 
are particularly useful for low- 
voltage high-current applications. 
Still, they can be designed in the 
same physical size to accommodate 
any combination of voltage and 
current for a given power output. 
By way of contrast, electronic am- 
plifiers are voltage amplifiers with 
essentially high-voltage low-cur- 
rent outputs. And for higher-cur- 
rent outputs, larger electronic am- 
plifiers must be resorted to be- 
cause voltage amplification is in- 
herent to them. 

In the higher power ratings— 
10 kilowatt and above—a magnetic 
amplifier becomes quite large and 
bulky. It needs more room than 
an equivalent-rated rotating am- 
plifier. And for reversing output 
its size would be almost prohibitive. 
In addition, maintenance and the 
possiblity of trouble increases in 
the higher power ratings. A 10- 
kilowatt rotating amplifier, on the 
other hand, needs no more mainte- 
nance and is no more likely to fail 
than a unit rated 1 kilowatt. 

As stated before, the input sig- 
nal to a magnetic amplifier is com- 
pletely isolated from the output 
signal, a particularly useful fea- 
ture when several input signals 
must be employed to control an 
output. Again, in this application 





































T HERMOSETTING laminated 

Plastics are used extensively 
for electrical insulation because of 
their unusual combination of elec- 
‘eal, mechanical and chemical 
Properties. Mechanically strong, 
light in weight, and easy to fabri- 
cate, these materials resist chem- 
tal corrosion, moisture, aging, 


a and temperature deteriora- 
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Electrical Insulating Properties of 


the magnetic amplifier is most use- 
ful in the low power range—500 
watts or less—where a rotating am- 
plifier is quite large and bulky 


in comparison. An isolated input, 
incidentally, is difficult to obtain 
with the electronic amplifier. 

Magnetic amplifiers can be de- 
signed for greater long-term elec- 
trical stability than either the ro- 
tating or electronic amplifiers. And 
so they are the logical choice for 
metering applications or for am- 
plifying the output of millivolt 
shunts and thermocouples. Their 
long-term stability suits them par- 
ticularly to pure amplifier appli- 
cations where no feedback is used 
and where variations in charac- 
teristics would affect output di- 
rectly. 

The magnetic amplifier is em- 
ployed in many diverse applica- 
tions, Fig. 3. A partial list would 
include amplifying the minute out- 
puts o* photocells and ionization 
chambers, controlling the output of 
arc welders and the speed of paper- 
mill drives, and obtaining isola- 
tion in metering circuits involving 
thousands of amperes. Magnetic 
amplifiers have been applied to 
systems ranging from compact 
autopilots for aircraft to the larg- 
est high-speed motor drives for 
steel mills; from the regulation 
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of dielectric strength were run on 
each of several grades of thermo- 
setting plastic laminates, plotting 
voltages against time. The data 
thus obtained indicate that, for a 
given thickness and atmospheric 
condition, a maximum voltage ex- 
ists below which failure will not 
occur. Tests of this type yield 
results which are valuable in de- 
termining the proper grade and 
thickness of material for use as 
insulating parts in_ electrical 
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of voltages of miniature aircraft 
alternators to regulation of those 
of huge steam-turbine-driven util- 
ity generators. 


Final Evaluation: In all its ap- 
plications, the magnetic amplifier 
has proved to be sturdy, reliable, 
and effective. But its true value 
can only be determined after mak- 
ing a thorough analysis of the ap- 
plication itself. For one purpose 
it may be superior to all other 
amplifiers; for another, it may be 
the poorest choice. 

All of this means that the mag- 
netic amplifier will not replace 
the electronic or rotating ampli- 
fiers in the immediate future. In- 
stead, it will remain an additional 
amplifier tool with clear-cut ad- 
vantages for some applications and 
equally clear-cut handicaps for 
others. Although the magnetic am- 
plifier will no doubt take an equal 
position with its predecessors, the 
electronic and rotating amplifiers, 
it will not necessarily take a 
dominant one. 

From an article entitled “How 
Good is the Magnetic Amplifier” 
appearing in the General Electric 
Review for July, 1954. 


equipment applications. 


Insulating Properties: In select- 
ing an electrical insulating ma- 
terial, the designer is primarily 
concerned with insulation resist- 
ance, dielectric loss and dielectric 
breakdown. The relative importance 
of these various properties depends 
on the application involved, but 
dielectric breakdown is almost al- 
ways a major consideration. 

As defined by ASTM, the dielec- 
tric strength of an insulating ma- 
terial is the maximum potential 
gradient that the material can with- 
stand without rupture. This prop- 
erty is difficult to evaluate quanti- 
tatively because its magnitude 
varies with temperature, thickness 


- of material, moisture content, and 


time exposed to stress. In general, 
the dielectric strength of insulat- 
ing materials decreases with time 
of exposure to the electrical stress. 
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When the maximum voltage that 
can be applied for an indefinite 
time without breakdown has been 
found, the endurance limit of di- 
electric strength has been estab- 
lished. 

Differences between the dielec- 
tric breakdown properties of ther- 
mosetting laminates stressed par- 
allel to laminations and _ those 
stressed perpendicular to lamina- 
tions are sufficient to warrant in- 
vestigation of behavior for each 
direction. The same _ dielectric 
strength and endurance character- 
istics do not exist where laminated 
sheets are used as insulating spac- 
ers (stressed perpendicular to 
lamination), and where laminates 
are used as terminal-board insul- 
ators (stressed parallel to lamina- 
tion). 

To obtain the results presented 
here, seven standard NEMA grades 
of laminated thermosetting plas- 
tics were tested: X, XX, XXXP, 
LE, A, G-5 and N-1. These particu- 
lar grades were selected because 
they are typical of the entire 
group. Although these test results 
are only based upon laminates in 
sheet form, the dielectric proper- 
ties of tubes, rods and molded parts 
are quite similar. 

Grades X, XX and XXXP are 
paper-base laminates bonded with 
phenolic resin. Grade X is intended 
primarily for mechanical applica- 
tions and should be used with dis- 
cretion under high-humidity condi- 


tions. Grade XX is made with a 
more absorbent paper and has a 
higher resin content than Grade X. 
Grade XX is better electrically, 
although slightly weaker mechan- 
ically, than Grade X. Grade XXXP, 
which has a still higher resin con- 
tent, is one of the best electrical 
laminates produced. Grade LE has 
a cotton-fabric base and is bond- 
ed with phenolic resin. This grade 
is used on electrical applications 
requiring greater toughness than 
is provided by Grade XX. 

Grade A is an asbestos paper- 
base laminate bonded with phenolic 
resin. It is more flame and heat- 
resistant than the cellulosic grades. 
Bonded with melamine resin, Grade 
G-5 is a glass-base laminate with 
very high mechanical strength, ex- 
cellent electrical properties under 
dry conditions and good heat, 
flame and arc resistance. Grade 
N-1 is a nylon-fabric base laminate 
bonded with phenolic resin. It has 
excellent electrical and mechanical 
properties even under high humid- 
ity conditions. 


Analysis of Test Data: From the 
results of tests in both directions for 
Grades XX, XXXP, and N-1 at tem- 
peratures from 65F to 256F, curves 
of breakdown voltage versus tem- 
perature have been plotted in Fig. 
1. Two significant facts are readily 
apparent. (1) Short-time dielec- 
tric strengths parallel to lamina- 
tions are lower than those perpen- 
dicular to laminations (with the 
exception of Grade XX at temper- 
atures above 180 F); and (2) the 
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Fig. 1—Effect of temperature on short time dielectric strength 
for three standard NEMA grades of thermosetting laminates 





differences in dielectric strength 
versus temperature characteristic 
parallel to laminations are com. 
paratively small. 

Grade XXXP laminate has the 
highest dielectric strength perpen. 
dicular to laminations within the 
temperature range covered, and 
the drop in breakdown voltages is 
very small between 90 F and 180F. 
This gradual change in breakdown 
voltage up to 180 F is of particular 
advantage when laminated plastic 
components are subjected to hot- 
spot temperatures in _ electronic 
equipment. 

There is a rapid decrease in the 
breakdown voltage of even Grade 
XXXP as the temperature is fur- 
ther increased. Breakdown char- 
acteristics of the three grades par- 
allel to laminations are more near- 
ly equal. This indicates that it 
makes little difference in regard 
to short-time dielectric strength as 
to which of the three grades is 
selected for operation at tempera- 
tures within the range covered. 

Parallel to laminations, Grade 
N-1 (nylon-base laminate) has the 
most rapid decrease in short-time 
dielectric strength with tempera- 
ture, while the breakdown voltages 
of Grade XXXP, although it has a 
lower dielectric strength at lower 
temperatures, drop slightly be 
tween 65 F and 256 F. The break- 
down voltages of Grade XX appear 
between these two extremes 
throughout the temperature range. 

As to effect of sample thickness 
on the short-time dielectric 
strength measured in both direc- 
tions, the dielectric strength of 
Grade XX plastic laminate, meas 
ured perpendicular to lamination 
for a ¥-inch thickness was found 
to be slightly more than half the 
magnitude for a 1/32-inch sample 
thickness. Dielectric strengths pat 
allel to laminations, measured 4 
five thicknesses ranging from 1/16 
to %-inch, are very close for 
Grades X and XX with sample 
thicknesses greater than ¥-inch. 
The decrease in dielectric strength 
may be compared to the law of 
diminishing returns in that each 
additional thickness of !aminate 
provides a smaller increase i0 the 
total dielectric breakdown voltage 
of the sample. 

To determine the effects of coh 
ditioning, the short-time dielectri¢ 
strength of Grade XX laminate 
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Fig. 2—Endurance limits of dielectric strength, parallel to lamina- 

tions, for seven typical NEMA grades of thermosetting laminates. 

Curve data was obtained with samples of 14-inch thickness, tested 
dry at 73 F 
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7 was measured in both directions 60 to 70 per cent of the short-time 
0 for various combinations of time, dielectric strength. The curves 
S- temperature and moisture treat- show that the breakdown voltage, 
, ment. Conditioning for a maximum or upper limit of voltage gradient 
of 4 days for measurements per- without rupture, gradually ap- 
: pendicular to laminations was suf- proaches a magnitude that is inde- 
€ ficient, but 21 days were necessary pendent of time. The endurance 
A to insure uniform moisture absorp- limit of the material is considered 
“ tion for obtaining breakdown volt- approximately equal to the maxi- 


mum dielectric strength which will 
not rupture after a 100-minute ex- 
posure to stress. 


ages parallel to laminations. Be- 
cause dielectric strength varies 
Widely with changes in condition- 
ng treatment, considerable care 
was taken to standardize the sam- 
ble conditioning prior to dielectric 
strength tests. 

Endurance limits, perpendicular 
and parallel to laminations, for 
the seven grades of laminates test- 
ed are given in Figs. 2 and 3. The 
dielectric strength of all grades in 
both directions decreases rapidly 
with time until it is approximately 


Test Conclusions: Grade A, as- 
bestos-base plastic laminate has 
the lowest dielectric strength and 
endurance limit in either direction 
but is recommended in high-tem- 


its superior heat resistance. The 
six remaining grades tested are 
suitable for high-voltage applica- 
tions, Grade XXXP having the 
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perature applications because of . 


PLASTIC LAMINATES 





highest breakdown voltages per- 
pendicular to laminations and 
Grade N-1 the highest parallel to 
laminations. 

For dry specimens, the endur- 
ance limits (in either direction) 
of the seven standard grades of 
laminates tested vary from 49 to 84 
per cent of the corresponding 
short-time dielectric strength. 
Therefore the designer can con- 
sider a safety factor of three, 
based on the short-time test, to 
be sufficient. For Grades XX and 
XXXP exposed to high humidity 
and elevated temperatures, the per- 
centage ratio of endurance limit 
to short-time dielectric strength 
ranges from 47 to 86 per cent 
(including both directions). Again, 
a safety factor of three should be 
satisfactory. In actual practice, a 
designer may expect to use equip- 
ment under highly humid condi- 
tions, yet available data on the 
laminates may be limited to short- 
time dielectric strength under dry 
conditions. In these cases, a safety 
factor of six may be necessary. 

Conclusions drawn from these 
tests would indicate that for select- 
ing thermosetting plastic lami- 
nates to be used as a dielectric 
medium, it is important to know 
the temperature at which the 
equipment is to be operated, the 
atmospheric conditions to be en- 
countered, the mechanical strain 
and the dielectric stress to be ap- 
plied. If the equipment is used 
under dry conditions and the me- 
chanical strength requirements are 
not severe, paper-base laminates 
are very satisfactory. If humid 
conditions are a factor it would be 
advisable to use the more water- 
resistant paper base grades such 
as Grade XXXP. Under dry con- 
ditions requiring high mechanical 
strength it may be necessary to use 
a fabric grade such as LE, and 
under continuous humid conditions 
requiring high mechanical strength 
it may be necessary to use Grade 
N-1. If are resistance is an im- 
portant requirement, Grade G-5 is 
indicated. 

From a paper entitled “Dielec- 
tric Breakdown Properties of Ther- 
mosetting Laminates” presented at 
the ASME Semi-Annual Meeting in 
Pittsburgh, Pa., June, 1954. 
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Changing Trends in 


Mechanical Fasteners 


MARKED trend in fastening 

is toward higher-strength fas- 
teners. In heat-treated carbon 
steel, tensile strengths of well over 
100,000 psi are not uncommon. 
This classification of fasteners has 
recently been standardized as SAE 
Grade 5, and is also covered in 
ASTM specification A325. Where 
strength is a factor, this grade 
provides the most strength per 
dollar of fastener cost. Higher 
strengths are available in alloy 
steels, but generally at increasing 
relative cost. 

Higher fastener strength pro- 
vides several advantages. Smaller 
fasteners, fewer fasteners, or both, 
can be used in a particular appli- 
cation, providing lower weight, 
more compactness of design, and 
lower cost. Weight is saved not 
only in the fasteners themselves 
but also in the assembled parts 
due to reduction in size of flanges 
and similar attachment projec- 
tions. Improved fastener func- 
tioning may also result since 
smaller fasteners often can be 
placed nearer the line of loading, 
resulting in less eccentric load or 
bending on the fastener. 

An important advantage of 
higher fastener strength is that it 
permits higher clamping force 
when the fastener is fully tight- 
ened. This high clamping force is 
useful in many ways: It helps pre- 
vent fatigue of the fastener and al- 
so of the fastened parts; it pro- 
vides a degree of locking to pre- 
vent loosening due to vibration 
and shock; and it provides tight- 
ness against fluid or gas leakage. 

A broad trend in fastener inven- 
tion is the development of means 
for reducing the cost of application 
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of fasteners. The cost of install- 
ing a fastener may be five, ten or 
fifty times as much as the cost 
of the fastener itself. It is safe 
to say that an important part of 
all human labor in factories is 
spent in applying fasteners to turn 
useless parts into useful assem- 
blies. Engineers should be intense- 
ly interested in methods of reduc- 
ing this high cost of application 
of fasteners. A large part of the 
creative effort of the fastener in- 
dustry is directed toward helping 
to accomplish this objective. 

The following discussions high- 
light some of the important trends 
in the different fastener types. 


Locknuts: Possibly more imagi- 
nation has been exercised in de- 
signing locknuts than in any other 
mechanical device. While some 
of these inventions have not 
proved successful, about thirty 
locknuts are being made and used 
commercially today, Fig. 1. 

A locknut, in addition to serv- 
ing the purposs of an ordinary 
nut, has a special means for grip- 
ping a threaded member so that 
relative rotation between the nut 
and the threaded companion mem- 
ber is prevented in use. Locknuts 
may be sub-divided into (1) “pre- 
vailing-torque” types which lock 
at any position on the bolt, and 
(2) “free-running” types which 
are assembled freely and develop 
locking only after being torqued 
into position. The specific types 
of locknuts differ in the locking 
means. As a result, they all have 
somewhat differing characteris- 
tics. As yet no laboratory test 
has been devised that will exactly 
predict how a given locknut will 





Fig. 1—Common types of 
commercial locknuts 


Fig. 2—Typical weld nut, 
top, for rigid attachment to 
workpiece and cage-nut var- 
iation, below, which has 
floating action to compen- 
sate for misalignment 





Fig. 3 — Push-on nut for 
rapid assembly without 
screw threads 


j 
' 
———— 
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perform in a specific operation. 
The best test, therefore, is how 
well the particular locknut per- 
forms under actual service condi- 
tions. 

There are several special nuts 
which do not fall into the cate- 
gory of locknuts but perform a 
service by locking to the work- 
piece itself rather than to the 
male threaded member. Such 
nuts work well when the male 
member is fixed to the work parts 
or otherwise prevented from turn- 
ing. Then, when the nut also locks 
to the work parts the assembly 
is completely locked up. 


Prefixed Nuts: A group of 
special nuts are produced which 
are designed to be rigidly prefixed 
to the workpiece by welding, 
clinching, pressing or staking, 
Fig. 2. This saves considerable 
time in later assembly as the work- 
man can install the bolt blindly 
and without the necessity of han- 
dling a nut. Some care should be 
taken in positioning the nut as 
it is being fixed to the work so 
that the nut is not cocked or out 
of line with respect to the bolt. 


Fig. 4—Two methods of 

locking screw heads show- 

ing, top, preassembled lock- 

washer and screw types and, 

below, screw with locking 
teeth in head 


Cage nuts, Fig. 2, are a varia- 
tion of the type of nut just de- 
scribed. The nuts are assembled 
somewhat loosely into a cage 
which is prefixed to the workpiece 
by welding, riveting, or snapping 
into place. Cage nuts have the 
advantages of the preceding group 
but in addition, by reason of the 
nut “floating” in a cage, they 
avoid the difficulties resulting 
from poor positioning of a fixed 
nut. A useful variation of cage 
nuts is the “gang” or “tandem” 
assembly of a number of nuts in- 
to a strip, which can save extra 
time when a row of fasteners is to 
be assembled. 


Push-On Nuts: Several varia- 
tions of nuts are available which 
are designed to be simply pushed 
on a cylindrical pin without screw 
threads, Fig. 3. They push on 
easily but resist removal and, 
where applicable, save time since 
the fastener does not have to be 
screwed up in assembly. 


Internal Wrenching Nuts and 
Bolts: There are several nut and 
bolt types which are assembled 
with an internal wrench by means 
of a socket in the top of the nut 
or bolt head. This permits the 
nut or bolt head to have a cylin- 
drical external contour without 
hexagon or square corners. These 
fasteners are advantageous in con- 
fined quarters, permitting com- 
pactness of design by elimination 
of wrench clearance. 


Head Locking Fasteners: Num- 
erous devices are available for 
locking a screw head. Familiar 
types are lockwashers of the 
toothed or split spring type. A 
convenient variation is the use of 


Fig. 5—Locking bolts with 
slotted, elastic head to pro- 
vide holding action 


preassembled lockwashers and 
screws, Fig. 4. By this method 
only one part must be handled, fa- 
cilitating assembly. A recent de. 
velopment for locking screw heads 
in which locking teeth are in. 
corporated in the screw head it- 
self is shown in Fig. 4. These de- 
signs are available in several head 
styles. 

Locking of the bolt or screw 
head may also be accomplished by 
increasing the elasticity of the 
fasteners. A widely used fastener, 
Fig. 5, does this by providing a 
slotted, elastic head which deflects 
under load and increases the over- 
all elasticity of the fastener. 


Locking Fasteners for Tapped 
Holes: Several fasteners are de- 
signed to lock in tapped holes. 
One accomplishes this by use of 
a special thread form on the screw 
which provides interference as it 
is torqued into the tapped hole. 
This drive fit results in intimate 
contact, under pressure, between 
mating threads, giving a locking 
effect. 

Other variations for the same 
purpose incorporate a transverse 
nylon plug in the threaded sect- 
tion of the screw. The plastic 
plug provides the locking as the 
screw is assembled in a tapped 
hole. 


Recessed-Head Screws: Con- 
venience and ease of driving of 
screws may be accomplished by 
the use of specially shaped head 
recesses or sockets, Fig. 6. These 
sockets are fitted by mating 
drives. Recessed-head screws are 
better appearing than standard 
slotted screws and are adapted to 
rapid power driving. : 


Tapping Screws: A natur«! striv- 
ing for decrease in assemlly cost 
has led to the development of 
self-tapping screws. These screws 
have the usual head styies but 


io in” re ‘ 
E@QOO© =e 
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Fig. 6—Types of screw head 
sockets for use with power 
drivers 
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STEEL FABRICATIONS AND WELDMENTS 


Components or Assemblies 








Here’s one reason why Continental-made weldments can save you 
time and money. This multi-head flame cutter, guided by an elec- 
‘trie eye, can cut up to eight shapes at once—from any metal that 
can be burned with oxygen or oxygen and powder. Working from 
paper templates, it saves pattern costs. 

For welded components or complete assemblies—one of a kind, 
or quantity production—Continental’s modern equipment and 
methods offer you design flexibility and production economy. 


COMPLETE ROLLING MILLS + ROLLS 
STEEL CASTINGS - WELDMENTS 
BOILER CONTROLS AND CLEANING 


Plants at 
East Chicago, Ind. + Wheeling, W. Va. + Pittsburgh, Pa. 


Copes-Vulcan Division: Erie, Pa. 


CHICAGO « PITTSBURGH 


for this new Brochure D 
on Continental Weldments. 


CONTINENTAL | 


‘ Foundry € Machine 


Company 
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are 


threads, 


hardened and may have special 
permitting them to be 


screwed into sheet metal, plastics, 
wood, and other materials without 


the 


holes. 


and 
side 





necessity of pretapping the 
Being a one-piece fastener 


requiring access to only one 
they 


of the work, can be 


Fig. 7—Three types of tap- 

ping screws showing: top, 

Type A; center, Type B; 
and bottom, Type F-Z 





Fig. 8—Quick-release fast- 
ener designed to carry shear 
loads 





rapidly assembled. The combina- 
tion of self-tapping, high hardness, 
and blind application make this 
a very versatile and economical 
fastener. They are classified by 
the type of screw thread provided, 
Fig. 7. 

Type A_ self-tapping screws, 
have a very coarse thread ap- 
proximating that of a wood screw. 
They have a sharp point allowing 
fast assembly and easy entrance 
through slightly misaligned holes. 
This type of screw is frequently 
used in place of a common wood 
screw because of its greater 
strength. Threaded to the head, 
it is useful in fastening thin metal 
and wherever a short grip is re- 
quired. 

Type B (or Type Z) are blunt 
pointed but the point is tapered 
slightly to facilitate entry into pi- 


lot holes. While the screw re- 
sembles a _ standard machine 
screw, it has coarser’ threads 


which facilitate faster driving in 
assembly. 

Type C (and variations such as 
Type F and Type F-Z) have 
threads of the same pitch as 
standard machine screws, either 
in the coarse or fine thread series. 
Because this screw has more 
threads per inch than other tap- 
ping screws, more torque is re- 
quired to drive it, making it un- 
suitable for long thread engage- 
ment. 


Drive Screws: These screws are 
an outgrowth of tapping screws 
and are also a case-hardened fas- 
tener. They have an extremely 
fast lead thread which permits 
the screw to be pressed or ham- 
mered into place without the ne- 
cessity of torquing. The fastener 
is nonremovable and may be driv- 
en by special hopper-fed machines. 








Fig. 9—Types and installa- 
tion of cherry blind rivets 











They provide a quick method of 
secure fastening and lend then. 
selves to mass production. 















Quick-Release Fasteners: Sey. 








eral ingenious designs of quick. 
release fasteners are available 
Fig. 8. As the name implies, the 
fastener may he tightened or re- 
leased quickly and easily, usually 
by a quarter turn of a screw driy- 
er or other applicable tool. The 
fastener usually consists of two 
flanged parts which are separately 
fastened to the mating sheets and 
enable the sheets to be fastened 
or unfastened quickly by a small 
rotation of a connecting pin. They 
are primarily used to fasten in- 
spection doors, cowlings, remov- 
able panels and any other at- 
tachment that must be removed 
quickly and frequently. Certain 
types of quick-release fasteners 
are specifically designed to carry 
high shear loads which increases 
the utility of this type. 



























Blind Rivets and Bolts: A nun- 
ber of special rivets and bolts are 
widely used for blind applications, 
Fig. 9. As the name infers, the 
fasteners can be inserted and 
driven by one man from one side 
of the work. The head is formed 
on the far blind side by manipula- 
tion wholly from the front. Cer- 
tain types of blind rivets are of 
two-piece construction. An in- 
ternal pin having a head on the 
far end is pulled into the hollow 
rivet, upsetting its far end and 
fastening the joint. The pin may 
then be free to drop out or be 
pulled through, or it may be de 
signed to plug the hole in the 
rivet, thus resulting in a_ higher 
load-carrying joint. Speci«! driv- 
ing tools are required. 

























Pressed-Fit Pin Fasteners: Sev- 
eral types of pin fasteners have 
been designed which can k« pressed 
into a hole. They are constructed 
to maintain pressure against the 
walls of the hole and stay locked 
in place. Pins are easily and 
rapidly installed and may be used 
to fasten pulleys, gears, and levers 
on shafts, as dowels or locating 
pins, and for many other purposes. 

From a paper of the sume title 
presented at the Twenty-Secom 
Annual Meeting of the ASTE ™ 
Philadelphia, Pa., in April, 1954- 
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Stuck for the Right answer to a 
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When ordinary methods won’t do the job—yet 
Shaft-Sealing Certainty is a must—the proper 
ROTARY SEAL is usually the answer. ROTARY 
SEALS stop Shaft-Sealing troubles before they 
start, because they’re taslor-made for each spe- 
cific application. 


The basic sealing principle originally introduced 
by ROTARY SEAL more than 20 years ago has 
naturally been imitated up to a point. But the 
broad experience of ROTARY SEAL engineers 
is inimitable. That experience makes it possible 
to adapt the basic ROTARY SEAL principle in 
just the right way—with the correct facings, 
springs and other details—to give you complete 
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for WINDSHIELD WIPERS 
for PUMPS 


assurance of positive, trouble-free Seal perform. 
ance under your conditions. 


The illustrations above suggest only a few of the 
many successful uses of ROTARY SEALS. You’ll 
find them “standard equipment” among leadin 
makers of PUMPS—HYDRAULIC DEVICES— 
COMPRESSORS — APPLIANCES — GEAR 
BOXES—HEAVY DUTY WINDSHIELD WIP- 
ERS— AGRICULTURAL MACHINERY —and 
in scores of other applications where Shaft- 
Sealing Certainty is vital even under the most 
rigorous conditions. 


The best time to start solving your Shaft-Sealing 
problem is at the drawing-board stage. Call in our 
engineers for an early consultation—and send for 
your copy of our brochure, “‘Sealing with Certainty”, 
which explains and illustrates the ROTARY SEAL 


principle. 


2022 NORTH LARRABEE STREET 


CHICAGO 14, 
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Helpful Literature 


(Continued from Page 228) 





35. Cold Forming 


Mullins Mfg. Corp.—‘‘How Would You Tool 
Up To Make An Egg”’’ is title of 16-page 
illustrated booklet which covers the design 
possibilities of the Koldflo process of cold- 
forming tubular products from steel. Step by 
step illustrations are included on manufacture 
of an intricate balancing cup and of an ac- 
cumulator shell 23-in. long. Process tol- 
erances and other data are provided. 


36. Air & Hydraulic Cylinders 


Lindberg Engineering Co.—Information rela- 
tive to air and hydraulic cylinders of heavy 
duty construction is provided in 4-page folder 
5954. Air units operate on i50 psi maximum 
pressure, while hydraulic units range from 
1500 to 3000 psi. Extra heavy duty mill type 
air cylinders which operate on 250 maximum 
pressure are described as well. 


37. Industrial Filters 


Cuno Engineering Corp.—Design and con- 
struction of line of Auto-Klean self-cleaning 
industrial filters is shown in illustrated 8-page 
catalog AK-050. Specifications and capacities 
are given also for standard models having 
flow rates between 1 and 3760 gpm for 
normal operating pressures of 125 psi. Filters 
are available for wide range of liquids, in- 
cluding oils, water and greases. 


38. Plug Valves 


Duriron Co., Inc.—Corrosion resistant type 
F plug valves described in 4-page illustrated 
bulletin V/4 are designed for severe chemical 
service. Valves are available in % through 
2-in. sizes and are suitable for 150 psi service 
at up to 400° F. Teflon sleeves are used. 
Sampling valves are also shown. 


39. Plunger Pumps 


Worthington Corp.—vVertical triplex single 
action plunger pumps are covered in 12-page 
illustrated catalog W-414-B45. Pumps are of- 
fered for use in petroleum industry, water 
flooding and disposal, hydraulic press and 
hydraulic descaling systems. Ratings range 
from 2.1 to 225 gpm and discharge pressures 
up to 11,700 psi. 


40. Electrical Indicating Instruments 


Corp.—Adaptable to most 
panel uses, round, square and rectangular 
standard range electrical indicating instru- 
ments are described in 4-page illustrated bul- 
letin. Included are microammeters, voltmeters 
and ammeters. Complete specifications are 
given. 


DeJur-Amsco 


41. Variable Speed Pulleys 


Reeves Pulley Co.—28-page well-illustrated 
bulletin V-545 describes redesigned Vari-Speed 
motor pulley line. Units are available in eight 
sizes from % to 15 hp and provide speed 
ratios up to 4:1. For use with new NEMA 
motors, they are smaller than previous models. 
Single-point lubrication is feature. 


42. Heat Exchangers 


Tranter Mfg. Inc.—20-page illustrated bro- 
chure 154 describes use of Platecoils in heat 
transfer applications. Field installation re- 
ports are featured, ranging from alkaline 
stripping and flexseal coating to tar transfer 
and quench oi] cooling. Comparative per- 
formance data are provided. 


43. Threaded Fasteners 


Western Automatic Machine Screw Co.— 
36-page illustrated catalog wk-54 covers cap 
and set screws of various types, brass and 
steel hexagon nuts, stripper bolts, dowel pins, 
keys and key sets, pipe plugs and other 
allied products. Dimensions, prices and other 
ordering information are given in tabular 
form for easy reference. 


44. Air-Tube Clutches 


Wichita Falls Foundry & Machine Co—Air- 
tube clutches, rotary couplings, valves, V-belt 
pulleys, air compressor clutches, water pumps 
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and air-tube catheads are covered in 4-page 
illustrated reprint. Clutch torque ratings are 
from 4,130 to 1,650,000 Ib-in. at 100 psi air 
pressure. Design, construction and other de- 
tails are presented. 


45. O-Rings 


Goshen Rubber Co., Inc.—12-page illustrated 
brochure gives detailed information on molded, 
die and lathe cut O-rings. Compounds avail- 
able include natural and synthetic rubber, 
silicone and polyethylene and Teflon plastics. 
Groove dimensions, sizes and typical applica- 
tions are also covered. 


46. Casting Quality Control 


Zenith Foundry Co.—20-page brochure takes 
reader on pictorial tour of company and il- 
lustrates how quality control enters into all 
phases of casting production with gray iron, 
alloy iron, semi-steel and Zenite. Sand con- 
trol, metal control, cleaning, inspection and 
craftsmanship are factors considered. 


47, Steel Casting Manufacture 


Lebanon Steel Foundry—Entire process of 
steel casting manufacture from design and 
engineering phase to final applications is 
treated in 32-page brochure which has 70 
illustrations. Considerable attention is given 
to centrifugal casting manufacture. Molding 
and coremaking, furnace tapping, pouring, 
heat treating, testing and inspecting and other 
phases are covered. 


48. Structural Material 


Goodyear Aircraft Corp.—32-page brochure 
describes and illustrates Bondolite, a high- 
strength, lightweight sandwich structural ma- 
terial. Originally developed for aircraft struc- 
ture use, product’s versatility creates applica- 
tions in air, marine, rail and automotive 
transportation, building and furniture construc- 
tion and other fields. 


49. Cases & Enclosures 


Artisan Metal Works Co.—Functional, pro- 
tective and attractive features of company’s 
housings, cases and enclosures are pointed 
out in bulletin. Typical units are illustrated. 


50. Hydraulic Gear Pumps 


New York Air Brake Co., Hydreco Div.— 
Series H pressure balanced oil hydraulic gear 
pumps designed for heavy duty machine tools, 
materials handling and earth moving equip- 
ment are subject of data bulletin 142. Pumps 
deliver 40-50-60-70 gpm at 1200 rpm and 
operate at up to 1500 psi. 


51. Calculator 


Technology Instrument Corp.—‘‘Laboratory 
Report No. 7’’ of 4 pages presents the theory 
and application of the Servocalculator. Device, 
which is included in company’s potentiometer 
kit B, aids in computing the necessary values 
of shunt resistors. 


52. Company Facilities 


New Britain Machine Co., Precision Products 
Div.—Typical screw machine products made 
by this company are illustrated in 16-page 
brochure which also shows engineering, tooling, 
inspection and production facilities, 


53. Speed Variator Drives 


General Electric Co.—Complete line of pack- 
aged speed variator drives from 1 to 200 hp 
is described in 20-page GEA-6127. Special 
attention is given to variator application in 
lumber, machine tool, textile and steel indus- 
tries, as wel] as to use in materials handling. 


54. Gear Drives 


Falk Corp.—Compiled in 28-page bulletin 
3100 are selection tables, dimensions, weights, 
overhung load ratings and thrust capacity 
ratings needed to select horizontal, vertical 
or right angle Motoreducers in either All-Motor 
or Integral design. Literature is practical for 
users of gear drives up through 75 hp. 


55. Forging Facilities 


American Car & Foundry Co.—28-pages pre 
sent pictorial review of company forging 
facilities at work. Drop hammers, upsetters, 
presses and punches, shears, furnaces an 
specialized equipment are shown, Equipment 
for machining and die making, testing an 
analysis, as well as typical products are als 
shown. 


56. Motocylinders 


Westinghouse Corp. — The _integral-typ 
Motocylinder for material handling is described 
in 4-page booklet B-6090. Unit is adaptation 
of gearmotor, utilizing high-torque, high-allp 
electric motor and short, rugged crank om 
output shaft to transform rotary to reciprocat- 
ing motion. How Motocylinders are employe 
to flip, turn, release, raise or lower material 
in repetitive cycles is described. 


57. Terminal, Seals, Plugs 


Hermaseal Co.—Electrical terminals, tubular 
button seals, glass seal tubes, multiple ele- 
trode headers, octal plugs, and grommets are 
described and specified in 24-page brochure. 
These components feature glass-to-metal seal- 
ing of electrodes. Specialty products are il 
lustrated, as well. 


58. Centrifugal Pumps 


Gorman-Rupp Industries, Inc.—Three sepa- 
rate data sheets provide specifications and ap- 
plication data on three varieties of centrifugal 
pumps. A high capacity, low head, small 
pump for liquid moving and recirculating; 4 
nonclogging molded rubber unit for coolant 
circulating; and series 9 noncorrosive draining 
units are covered. 


59. Planetary Transmission 

American Gear & Mfg. Co.—Full speed for 
ward to full speed reverse takes only 1% 
seconds with the Plan-Gear transmission, 4 
compound planetary type, described and {l- 
lustrated in 4-page folder 3270. Unit is rated 
150 lb ft continuous input torque. 


60. Telemetering 

Bristol Co.—44-page expanded edition of 
bulletin M1710 illustrating and describing com 
pany’s line of Metameter telemeters and ac- 
cessories is now available. In addition to 
telemetering over telephone circuits, carrier 
current and private wires, bulletin features 
Microwave telemetering, telemetering with 
selective calling and time multiplexing tele- 
metering. Categories cover measurement 
transmission of pressure, flow, liquid level, 
mechanical motion, electrical units and 
totalized power load. 


61. Ductile Cast Iron 

International Nickel Co.—Data on machina 
bility, gall resistance, compressive strength 
and other mechanical properties of duetile 
cast irons are provided in 8-page bu/letin ote 
a reprint from MACHINE DESIGN entitled 
“Engineering Applications of Ductile Cast 
Iron.’’ Examples are given illustrating + 
propriate use of metal’s properties in design- 
ing machine components. 


62. Fractional HP Drives 
Eaton Mfg. Co., Dynamatic 
tional horsepower Ajusto-Spede ari 
in 8-page bulletin FAS are an (hr 
bination of ac constant speed induc pul 
eddy-current couplings and elect onic 600 

controls. Drives of %, 1/3 and %-hp at 
rpm and with 10:1 constant torque en 
range and % and %-hp, 3200-rpm units 
20:1 range are available. 


63. Production Stamping " 
Detroit Stamping Co.—Multi-siampings at, 
high speed production of small and in er 
parts is described in 6-page f a yar 
variety of parts possible is nan ple 
some of the multi-stamping machinery nal 
tured. Stampings range from light to — and 
heavy and are blanked, pierced, form ie 
drawn from material up to %-in. thicknes® 


Viv. —Frac- 
es detailed 
egral com- 
yn motors, 
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A Midget + -WAY Solenoid Valve 


... For Controlling 
Small Double Acting 
Cylinders 











ubular 
elec 
ts are 
chure. 

seal- 
re i)- 










Pipe Size: ¥/," 
Pressures: 
Maximum 125 psi 

Minimum 10 psi 
sepa- 


d ap- Fluids Handled: 
fuga! Air, Water, Light 


Extremely Compact 
[| osx ie to Meet Critical 
“| eee Space Requirements 


a 4) 
ate FEATURING: 


@ Compactness — 4'5/12" Overall Height; 12'2” Width; 2” Depth; 
(With Standard NEMA I Solenoid Enclosures). 


“on i @ Rapid Operation — Up to 400 cycles per minute. 





















for- 














OPERATION 
+ 


























4 @ Ruggedness — Tested_for millions of maintenance free operations. mgs KS ore gs 
us @ @ Low Power Consumption — Only 10 watts! sacl 
h to 7 on 
tee BO Tight Seating—Assured by integral crown seats and resilient 3 _ 
avel and nylon discs. < 4 
and +e ' 
@ Standard, Watertight or Explosion-Proof Solenoid f ee 
Enclosures available. OES a 
on a Simplicity. — Single Operating Coil — only one electrical connection to be 
tile made. ee Solenoid . When 
1-2 : applied to Cyl. 1; Cyl. 2 
nei @ Forged Brass Body — Insures complete freedom from porosity. aa eee 











- NOW ASCO ha: available a complete line of Midget 2, 3, & 4-Way Solenoid Valves 
an important addition to the thousands of types and sizes in the standard ASCO line. 


at 
led 
m- 
rs 


500 We also design and manufacture Control Panels to provide ‘Single Source Responsibility” for the 
-“ Complete Automatic Control. ASCO Electromagnetic Control Equipment includes Close Differential, 
Time Delay, and Magnetically or Mechanically Held Relays, Contactors, Automatic Transfer Switches 
and Remote Control Switches. 


=| Automatic Switch Co. 


387 LAKESIDE AVENUE - ORANGE, NEW JERSEY 
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Plastic Shaft Retainers 


Up to 250-lb direct shear can be 
wit:stood by Shakeproof Plasti- 
Ring shaft retainers which are in- 
jection molded of oil and grease- 
resistant vinyl plastic. Rings are 
easily rolled into prepared groove 
to serve as positive-holding shoul- 
der and are highly resistant to fric- 
tion and wear. They are used pri- 
marily in automotive, aircraft, 
electrical, business machine and 


toy industries. Made by Shake- 
proof Div., Illinois Tool Works, 
2501 N. Keeler Ave., Chicago 39, 
Ill. 


For more data circle MD-64, Page 227 


Torque Transmitter 


Operating at any angle, geared 
joint transmits torque around 
bends by means of a bevel gear- 
ing system. Primary application 
is for making sharp bends with 
flexible shaft or reach rod remote 


232 


controls for valves. Three sizes 
are available to operate at maxi- 
mum torque of 500, 2000 or 3500 
lb-in. Corresponding flexible shaft 
diameters accommodated are % 
and 34-in., 1 and 1% in., and 1% 
in.; corresponding rigid rod di- 
ameters, % and %-in., 34 and 1 
in., and 14%, and 1% in. Made by 
Stow Mfg. Co., 11 Shear St., Bing- 


hamton, N. Y. 
For more data circle MD-65, Page 227 


Expansion Joints 


Capable of handling up to 150 
psi steam at temperatures from 
-65 to 500 F, expansion joints 


are available in all pipe thread 
sizes from ™% to 6 in. inclusive. 


Spring seated wedge seal is made 
from Teflon and ball seats and the 
inside of the joint tube are 
chrome plated. Ball seats permit 
deflection or twisting of the pipe. 
Total permissible eccentricity is 
10 deg on each end of the joint. 
Joints can be made of steel, stain- 
less steel or bronze. Made by 
Rotherm Engineering Corp., 7280 


W. Devon Ave., Chicago 31, Il. 
For more data circle MD-66, Page 227 


Magnetic Clutches, Brakes 


Miniature single clutch, double 
clutch and clutch brake are used 
in computers and mechanisms re 
quiring highly accurate clutching 


and braking. Units are made with 
anodized finish, of corrosion resist- 
ant and fungus-inert materials, 
and have encapsulated windings. 
Operating temperature range * 
—65 to 165 F. With the incorpor 
tion of a telephone type relay: 
maximum response time of all 
units is 6 millisec or less. Units 
are designed for 16 oz-in. ma* 
imum torque and for intermittent 
duty at speeds to 1000 rpm. Mo- 
ment of inertia of input shaft ® 
0.30-oz in.2; of output shaft, 0.21 
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MONTREAL 
* 


ST. PAUL ®@ 





BIRMINGHAM 
@ LOS ANGELES * 


IN 5 MODERN FABRICATING SHOPS 


builds pipe coils to DESIGN perfection 


You get the results you planned for in pipe coils built by 
Crane. And right along with this close adherence to specifica- 
tion goes a greater dependability that enhances your design. 


Although seamless carbon steel pipe is most popular, Crane 
has the experience—and the equipment to produce pipe coils 
in wrought iron, copper, brass, nickel, aluminum, 18-8 of 
various types, and miscellaneous alloys. At your service are 
the finest facilities for heat-treating, stress-relieving and 
testing of all kinds. Crane can also supply those necessary 
piping accessories to give your design the added value of 
consistent quality throughout. 

There’s further information on this important Crane service 
in your Crane No. 53 Catalog—and in the 48-page Pipe Coil 
Handbook, offered below. 


( 


wi 
i 
wa 
i 
a 
ail 
al 
ma 
ot 


4 


2-in. ammonia cooling coils with 
welded headers and ammonia flanges. 


FREE 48-PAGE PIPE COIL HANDBOOK 


Gives Valuable Design 
and Specification Data 


Dimensions, materials, end con- 
nections, pipe data, helpful en- 
gineering information—you'll find 

it all in this factual, easy-to-read 

\ handbook, free to pipe coil de- 

™ \ signers and users. Drop a card to 
" Crane at the address below for your 


copy (Circular 318). 
Triple circular design of 1'-in. seamless pipe. 


General Offices: 

.836 S. Michigan Ave., Chicago 5, IIl. 

Branches and Wholesalers Serving 
@ All Industrial Areas 


VALVES + FITTINGS * PIPE + PLUMBING + HEATING 
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New Parts and Materials 





oz-in.?, Input and output gears 
are designed to _ specifications. 
Characteristics of all units include 
ability to operate continuously, 
immediate release upon de-energiz- 
ing, rapid “pull-in’’, and wide en- 
vironmental range. A definite neu- 
tral position is provided for the 
friction disk. Electrical require- 
ment is 25 v de. Made by Ford 
Instrument Co., Div. of Sperry 
Corp., 31-10 Thomson Ave., Long 
Island City 1, N. Y. 


For more data circle MD-67, Page 227 


Greuit Breakers 


Mini-Breaker permanent circuit 
protectors fit branch circuits with 
4, 4%, 5, 5%, 6 and 7'%4-amp rat- 
ings, protecting equipment rather 
than wiring. Used in a cut-out 
base wired to any motor or elec- 
trical equipment, device interrupts 
excessive overloads and short cir- 
cuits. Built-in time lag handles 
temporary starting loads and line 
surges. Service can be restored 


within 10 seconds after an inter- 
ruption by actuating shock-proof 
reset button. Trip-free, it will not 
maintain a circuit until the cause 
of the overload has been remedied. 
Applications include incorporation 
in appliances and electronic equip- 
ment. Made by Mechanical Prod- 
ucts Inc., 1800 River St., Jackson, 
Mich. 


For more data circle MD-68, Page 227 


Wing Nuts 


Serrated base self-locking wing 
nuts are available in a complete 
range of standard industrial sizes. 
In many applications, lock washers 
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are not needed with these nuts. 
They are rustproof zinc alloy and 
are recessed for thumb grip. In 
addition to a plain bright finish, all 
commercial finishes can be fur- 
nished. Made by Gries Reproducer 
Corp., 400 Beechwood Ave., New 


Rochelle, N. Y. 
For more data circle MD-69, Page 227 


Flexible Tubing 


Lightweight, flexible tubing 
made from General Electric’s SE- 
100 silicone rubber compound can 
be bent up to 180 deg without 
collapsing. It withstands tempera- 
tures from —65 to 250 F and has 
high heat and abrasion resistance. 
Made by General Electric Co., 
Waterford, N. Y. 


For more data circle MD-70, Page 227 


Cutting Fluid System 


Spray-Lube system eliminates 
the need for a large coolant reser- 
voir, recirculating pumps and fil- 
ters in metal-cutting machinery. 
A 5-gal reservoir feeds coolant 
through tubes to the work area, 
where it is released in the form 
of a spray. Spray can be applied 
from any direction and to as many 


— 


points as necessary to cover criti- 
cal areas of contact between the 
cutting tools and workpiece. The 
finely divided oil spray distributes 
coolant to a large area. Individual 
metering control is provided at 
each mixing valve, and density of 
the spray is controlled by adjust. 
ments of air and liquid pressure 
regulators. Made by C. A. Nor 
gren Co., 3442 S. Elati St., Engle. 


wood, Colo. 
For more data circle MD-71, Page 227 


Molded Insulation 


New manufacturing process 
makes available molded-to-shape 
insulation composed of resilient, 
plastic bonded Ultrafine glass fi- 
ber. Application of thermal or 
acoustical insulation or padding 
can be effected on an assembly line 
basis. Parts can be molded in any 
size up to 8 x 10 ft, in densities 
varying from 2 to 10 lb per cu ft, 


and thicknesses from 1%-in. up, de 
pending on density. Firmness and 
rigidity increase with density. UP- 
per temperature limit is 350 F. 
Applications include use on auto 
mobiles and such appliances % 
television and radio sets and dish- 
washers. Also available is die 
cut glass fiber insulation. Made 
by Gustin-Bacon Mfg. (0. 210 
West Tenth St., Kansas City, Mo. 


For more data circle MD-72, Pace 227 


Servo System Components 


“Penny Size” servo system com 
ponents have straight-through bore 
and integral stator-housing ©” 
struction. Smaller of units illus 
trated measures 34-in. diameter and 
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Nor i i 4 WHAT REYNOCELL IS: 
Engle. 














Reynocell panels are extremely light, strong, rigid, prefabri- 
cated structural units. They have a honeycomb core of resin- 
impregnated kraft paper to which aluminum facings are 
securely bonded. 


ITS PROPERTIES: 


Typical, based on 4” thick panels. Comparably favorable 
properties apply to other thicknesses. 
Weight— 1.46 |b/saq. ft. 


rOCESS Bending Strength — 180 Ib ‘sq. ft. of uniformly distributed 
load on 8’ span 


sha are. 
i 4 | > In CONSTRUCTION Deflection—'%” with 47 |b sq. ft. of uniformly distributed 
Lent, load on 8’ span * 























because of its light weight, insula- 


88 fi- tion and fire, moisture, fungi and Crushing Strength—70 psi 

al or pest resistance ... movable _parti- Thermal Insulation (U factor) — .135 
dding tions « folding partitions « interior 

y line curtain walls « residential doors « in- 

1 any dustrial and garage doors « solar 


he | shades « advertising signs + lean-to 
sities oa bomb shelters « shelving, etc. 
‘u ft, i iP 
For 
PORTABLE 
EQUIPMENT 


because of its light 

weight and structural 

strength... billboards « 
pallets + platforms « stage scenery « 
trailer and truck body parts» 
work stands, etc. 





For 
INSULATED 
STRUCTURES 
because of its excellent Al 
thermal insulation, light 
. weight and strength... 
liners for refrigerator trucks and 
cars «walk-in refrigerators « refrig- 
erated vending machines « ship- 
ping containers « oven jackets 
heat baffles « preheating chambers 
* chicken incubators « bakery 


proof boxes, etc. REYNOLDS Engineering Service 


For Reynolds engineers are working with a number of manu- 
FURNITURE facturers on a variety of applications. Their assistance is 
, also available to help you apply the many advantages of 

because of its modern Reynocell Panels to your products. 
beauty, light weight Call your nearby Reynolds office listed under ‘“‘Alumi- 
and fire and moisture num’’ in classified phone directories. Or write for more 
resistance ... desks complete information and answers to your design ques- 
and tables « cabinets « drafting tions. New applications and test data that may be helpful 
boards « bed ends « store fixtures to you are accumulating every day. Reynolds Metals 
* portable bars, etc. Company, 2521 So. Third Street, Louisville 1, Kentucky. 

*T.M. registered 


_REYNOLDS @& ALUMINUM 


MODERN DES IGN HAS ALUM™MINUM™M IN Mion D 
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15/16-in. long. Corrosion resistance 
is provided by stainless steel hous- 
ings, laminations and ball bearings 
where necessary, as well as her- 
metically sealed windings. No-load 
speed is 6500 rpm; stall torque, 
0.1 oz-in. and weight, 1.2 oz. An- 
other motor, with 4000-rpm no-load 
speed, is available in same size but 
with high inherent damping for 
simple instrument servos. Sensors 
and detectors for use with these 
motors measure %-in. diameter, 
1.658-in. long and weigh 1.75 oz. 
They have maximum error limits 
of 10 minutes from electrical zero. 
A servo amplifier the size of a 
cigarette pack and precision gear 
trains complete line of components. 
Made by Kearfott Co. Inc., 1378 
Main Ave., Clifton, N. J. 


For more data circle MD-73, Page 227 


Pressure Switch 


Bulletin 10007 heavy-duty pres- 
sure switch is usable where reli- 
able long-term operation is _ re- 
quired. Bearing surfaces are stain- 
less steel throughout and dia- 
phragm is nylon reinforced Neo- 


aes 
oy 


ln | rl fe 
Uses 858 


— 


prene. Silver alloy contacts have 
positive snap-act:on. Electrical and 
mechanical components are sepa- 
rated for ease of maintenance and 
trouble-free operation. Pressure 
type terminals are used. Openings 
on each side of case take % or %- 
in. conduit. Operating range and 
differential are factory set to speci- 
fications, but can be adjusted in 
the field. Steel case and cover are 
internally braced to prevent dam- 
age from abuse. Made by Cutler- 
Hammer Inc., 328 N. Twelfth St., 
Milwaukee 1, Wis. 


For more data circle MD-74, Page 227 


Pillow Blocks, Flanges 


All regular and rubber insulated 
ball bearing pillow block and flange 
mountings in the ED series are 
now equipped with double setscrews 
for permanent shaft locking. Ad- 
ditional improvement is a standard 
gun type of lubricant fitting. Line 
is intended for light duty applica- 
tion and includes the ED pillow 


iA 
Om, »; 
? 


block, FED flange and EDR rubber- 
insulated pillow block with rubber 
mounting. Made by Ahlberg Bear- 
ing Co., 3025 W. 47th St., Chicago 
32, Il. 


For more data circle MD-75, Page 227 


Radial Bearings 


Series 6900 flange-mounted ra- 
dial bearings are suitable for me- 
dium loads and speeds up to 5000 
rpm. Available in standard shaft 
sizes ranging from 14 to 1 in., they 
consist of a double composition 
sealed precision radial bearing 
and flanged housing, or adaptor, 


designed for flush mounting. Two 
locking setscrews position bearing 
on the shaft. Bearings, which can 
accommodate a limited amotnt of 
angular misalignment, are also 
available unground for noncritical 
applications. Made by Nice Ball 
Bearing Co., 2925 Hunting Park 
Ave., Philadelphia 40, Pa. 


For more data circle MD-76, Page 227 


Hermetic Seals 


Designed for shafts which pass 
through panels or housings and 
for rotary switches, Hexseal 9000 
series hermetic seals replace 
mounting nuts in front of the pan- 
el and seal out moisture, dust and 
combustible vapors. Seal consists 
of a silicone rubber boot molded to 
a grooved nut. Sealing is accom- 
plished by a gasket-rib, which 
seats firmly against the panel, and 
two O-ribs which form a double 
seal against the shaft. Backlash 
is eliminated by the use of a rela- 
tively hard rubber and relatively 
light pressure against the shaft. 


Groove filled with lubricort 


ee 


/ Ss 
640 Across Flats 3/8°-32 Thread! te 1G0e (25% 


The well between the two O-ribs 
is prelubricated, which enables the 
seal to function at intermittent 
speeds up to 1000 rpm. The sili- 
(Continued on Page 240) 
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fitting” that out-thinks a man..- 


— Gy) + +ALEMITE 
Accumeter’ 


| || 
The low-cost, simple way for you to design 
fool-proof, automatic lubrication into a machine 
with many small bearings 


Many small bearings on a compact, high- while the machine is in operation! Time, 
speed machine. You know that proper, maintenance and production costs drop 
exact lubrication is essential, but you —output soars! That’s the reason that bet- 
also know how crowded the bearings will ter than 95% of all major plants buying 
be. You know that they will be difficult machine tools specify centralized lubrica- 
or impossible to reach with grease gun tion. 
or oil can and that some of them will be Alemite Accumeter Systems are sim- 
missed—and the shutdown time for lu- ple and economical to design into any 
brication will be costly. machine—and there is a system perfect 
The answer? Alemite Accumeter, the for any machine lubrication problem. 
valve that never forgets. This tiny, accu- Find out about these automatic systems 
rate, and very simple valve automatically now. See for yourself the savings and ef- 
meters an exact amount of lubricant to ficiency they bring to your designs and 
the bearing, at exactly the right time, you toowill specify automatic Accumeter. 
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7" ; TYPE © &>. 
i ACCUMETER 
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Mf * 
19 4 HOSE Ne ANCHOR 
BLOCK 


6 
; ) SLA 
a Swivel | 
offers all these advantages! 


@ Eliminates shutdown time for lubrication. 
Adds productive time to machine output 


Ft té, ; 
y _ TUBING ORS, 


} = 
| OE 


@ Seals completely against dirt, grit, water 
Type O Accumeter Valves all the way from “Barrel-to-bearing” 
Meters .005 cubic inch of oil to rotary, oscillating, sta- © Prevents bearing troubles due to neglect or use of wrong lubricant 


tionar lain or anti-friction bearings. Up to 200 2 P P ‘ A i 
@ Services all bearings—including those inaccessible 


or dangerous—in one operation 


small bearings can be served by the single-line system 

equipped with these fixed output valves. Requires 

only 4—" approximate turning radius @ Avoids work spoilage and bearing 
repairs due to over-lubrication 


* : ae 


factory tested —field proved 


Exhaustive, in-the-field tests show no appreciable varia- 
tion in the amount of lubricant discharged after 73,312 
lubrication cycles—equal to 122 YEARS of twice-a-day 
Service! 


ALEMITE & 


REG. U. S. PAT. OFF. 
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To promote better understanding, de- 
sign and application of mechanisms in 
automatic machinery, MAcHINE Desicn, 
AUTOMATION and the Mechanical Engi- 
neering School of Purdue University 
have collaborated in bringing together 
a group of authorities on the most re- 
cent developments in this important 


field of design. 


All machine designers and other engi- 
neering personnel interested in the de- 
sign and development of mechanisms 
are cordially invited. For registration 
details see the special postcard opposite 


Page 210 in this issue. 





Conference Committee: 


W. R. SpPriver, Vice President of Eng., 
Harris Seybold Co. 


W. A. WITHAM, Executive Eng., 
Miehle Printing Press & Mfg. Co. 


M. 8S. Curtis, Vice President of Eng., 
Warner and Swasey Co. 


W. A. Patzer, President and Chief Engineer, 
ABT Mfg. Co. 


T. A. McGuu, Barkley 4 Dexter 


B. A. SCHWARZ, Chief Engineer, 
Delco Radio Div., GM Corp. 


Cc. G. Bicrtow, Asst. Mgr., Gen. Eng. Lab., 
American Machine & Foundry Co. 


E. 8S. AULT, Professor of Machine Design, 
Purdue University 


A. 8. HALL, Professor of Mechanical Eng., 
Purdue University 


M. M. McCuiure, Div. of Adult Ed., 
Purdue University 


R. W. Bo.z, Hditor, AUTOMATION 


B. L. HUMMEL, Associate Editor, 
MACHINE DgSIGN 
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Second Conference On Mechanisms 


cosponsored by Purdue University, Machine Design, and Automation 


OCTOBER 11-12, 1954 PURDUE UNIVERSITY 


OO 


ANNOUNCING 


Lafayette, Indiana 





PROGRAM 


Session 1—Special Gearing 


Beveloid Gearing 
A. S. Beam, Vinco Corp. 


Session 2—Mechanism Performance Analysis 
Calculating Dynamic Characteristics of Mechanisms 
B. E. Quinn, Professor, Mechanical Engineering, Purdue 


Predicting Performance of High-Speed Mechanisms 


G. A. NoTHMANN, Armour Research Foundation 


Analysis of Mechanisms with High-Speed Photography 


E. A. Epwarps, Eastman Kodak Co. 


Panel Group Discussions 
What is Mechanism Synthesis? 
Chairman, A. S. Hau, Prof., Mechanical Engineering, Purdue 


Mechanism Manufacturing Tolerances—How Good? 
Chairman, P. T. E1sete, Warner & Swasey Co. 


Session 3—Cam Design Problems 
Cam Design and Manufacture 
P. MAKER, Bryant Chucking Grinder Co. 


Vibration Analysis of Cams 
C. N. Nex.tutin, Universal Match Co. 


Session 4—Control Mechanisms 


Straight-line Mechanisms 
W. R. Kearney and M. G. Wricut, Delco Radio Div., General Mots 
Corp. 


Proportional Control Mechanism 
G. H. Giczewsk1, Bowser Inc. 
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Here’s how 


TORRINGTON 


Cylindrical and Tapered 
Roller Bearings 
...Gut your costs, increase efficiency 





Finest bearing-quality steels purchased to 
our specifications, plus modern heat-treating 
methods, insure highest load-carrying capacity, 
long life, and resistance to wear. 


Precision tolerances and finishes on both 
rollers and races assure low eccentricity and 
uniform load distribution, cut friction to a 


Individual roller retainment keeps rollers well 
lubricated, simplifies inspection of race surfaces. 


Stabilized races maintain accuracy of fit under 
severest operating conditions. 


Rollers accurately guided at the pitchline—by 
contacting machined pads on each pocket face. 


Custom engineered to meet your load and speed requirements, 
TORRINGTON Cylindrical and Tapered Roller Bearings in- 
crease operating efficiency in the toughest heavy-duty applica- 
tions. Interchangeable in all types and sizes. 

SPECIFY TORRINGTON! 


THE TORRINGTON COMPANY 
South Bend 21, Ind. . Torrington, Conn. 


TORRINGTON BEARINGS 


Spherical Roller © Tapered Roller © Cylindrical Roller © Needle © Ball © Needle Rollers 
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THERES MORE TO THIS ““"“ 
(Continued from Page 236) 
TH A N M & t T S TH ia EY & | cone rubber will withstand temper. 
atures from —67 to 500 F. Series 
9000 L.T. Is function at tem- 
iy, CHIEF SAND USKY peratures - pay os 10 " 
CENTRIFUGALLY CAST Standard models fit ¥,-in. shafts 


and a %-in.-32 threaded bushing: 
| other sizes and bushing threads 
RINGS, ROLLS, | are available. Made by Automatic 


| & Precision Mfg. Co., 252 Haw. 
LINERS, TUBES, | thorne Ave., Yonkers 5, N. Y. 
BUSHINGS, For more data circle MD-77, Page 227 
BEARINGS 


and SLEEVES 

















Flanged Nylon Bearings 














Offering corrosion and abrasion 
resistance, vibration damping, 
compactness and long life, Nyliner 
bearings eliminate need for lubri- 
cation. They incorporate the com- 
| pensating gap principle, which per- 
| mits circumferential expansion and 
| contraction of the nylon material 
| without appreciably affecting the 

bore diameter. Flange permits the 
| bearing to carry end thrust against 
| a shoulder in addition to radial 
' loads and affords a simple meats 











Into every furnace charge go a variety of 
ingredients of known quality and composi- 
tion. And everyday “ingredients” like these 
—constant research leading to improve- 
ments, a wealth of experience carefully 
analyzed and correctly applied, rigid con- 
trols, advanced fechniques—have earned 
and maintained Chief Sandusky’s leader- 
ship in centrifugal castings since 1910. 










































Chief Sandusky takes pride in offering unequalled service to | of axial retention of the bearing it 
users of cylindrical castings. Research specialists inside the com- _ one or both directions. A continu 
pany and on assignment welcome the opportunity to solve difficult ous flange interrupted only at the 
metallurgical problems in this field—and to come up with the | compensation gap can be provided 






for relatively heavy thrust loads. 
Either type of bearing can be pre 
vided with an antirotation boss 0 
lug under the flange which engag® 


a notch or slot in the bearing hous 
C. M. LOVSTED & CO., SEATTLE, WASH. @ TYNE BROS., BIRMINGHAM, ing. Made by Thomson Industries 
ALA. @ CORDES BROS., SAN FRANCISCO AND LONG BEACH, CALIF. Inc., Manhasset, L. I., N. Y. 


S AND US KY er aaaee Gabe dian tapes, reall 


FOUNDRY and MACHINE CO. = Miniature Connectors 


Two series of rack, panel a 
chassis connectors have corne 


615 W. Market Street Sandusky, Ohio | keying design which aids polariz 


right, the practical answers. 







The best in centrifugal castings bears the name, “Chief Sandusky.” 
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PLUG NUTS 
Ideal for blind 


or hard-to-reach 
aces. 





PIPE PLUGS 


Forged steel, 
heot-treated. 


n-_<— 


VE SEAL 
LOW COST 





FOR ED STEEL 


PIPE PLUGS 


Lamson Pipe Plugs are 
available in the fol- 
lowing sizes: Ye”, 44”, 


%e", Yo" and %”. 


Have you checked the Pipe Plugs you are using lately? 
Like so many common but important parts to your 
product, Pipe Plugs are apt to be taken for granted 
with a resultant loss in production time and efficiency. 


Lamson Pipe Plugs are FORGED for maximum strength 
and positive sealing. Heads will not chip or break 
under severe wrenching. This means savings for you on 
the production line. The ROLLED “DRYSEAL” THREADS 
of Lamson Pipe Plugs guarantee maximum toughness 
and correct tolerances are assured by Lamson’s famous 
“Quality Control” system. 


Yet, despite the extra protection and value Lamson 
Pipe Plugs offer, they cost no more than other types. 
You get true premium quality at a low “regular” price. 


So next time specify Lamson Pipe Plugs—in steel, 
brass, bronze or aluminum —and give your product 
the extra advantage it deserves. 


The LAMSON & SESSIONS Co. 
1971 West 85th St. e Cleveland 2, Ohio 


Plants at Cleveland and Eent, Ohio + Birmingham « Chicago 





FOR PROMPT DELIVERY AND HELPFUL SERVICE, 


ORDER FROM YOUR LAMSON DISTRIBUTOR 





=’ 


“1035” 


SET SCREWS 
Cup point type, 


hardened and 
heat-treated. 
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PLACE BOLTS 


With “Built-in” 

spring action 

for positive 
locking. 








Za 


Pre-assembled 
lockwashers on - 
tapping and 
machine screws. 


MACHINE 
SCREWS 
Clutch and 


Phillips recessed 
head screws. 


“BENT BOLTS” 


Including U 
bolts, eye bolts, 
hook bolts, etc. 


LOCK NUTS 


Economical, 

vibration proof. 

Can be used 
repeatedly. 




















Xe 
@, 


7 Seal it! 


PLASTIC CLOSURES 


@ For threaded and unthreaded 
parts and openings. 
@ Easy to apply—easy to remove. 
Once on—they stay put. 
@ Use them to— 
— Seal out dirt, moisture 
and dust 
— Seal in fluids and 
lubrication 
— Protect threads 
© Immediate deliveries of a wide 
range of standard sizes. 


PLAIN ELASTOPLASTIC 
PLUGS AND CAPS 


Seal flush to per- 
mit easy stacking 
of parts. Unaf- 
fected by oil, 
grease or gasoline. 
Made of tough, 
rubberlike plastic. 





THREADED PLASTIC 

PLUGS AND CAPS 
Cleanly molded 
threads assure 
easy application. 
Provide safe, sure 
positive protection 
to threaded parts. 
Unaffected by 
most petroleum 
base products. 


GET THE DETAILS 
Bulletins P-5312 
and P-5203 have 
full details on 
sizes and types 
available. Write « 
for your copies. 





THE AMbhhite PLASTICS DIVISION 


DENTAL MFG. CO. 
vy 


10 EAST 40th ST. NEW YORK 16, N. Y 
Western District Office * Tumes Building, Long Beach, Calit 


| high dielectric strength. 
| are die-cast aluminum alloy, and 
| contacts are gold-plated brass or 
| bronze. 
| Co., 3209 Humboldt St., Los An- 








|New Parts 


| tion. Type DPA measures 2x1x | 
23/32-in.; type DPX, 2 5/16 x 
|1%x 1 in. 


Straight and angle 
90-deg junction shells with integral 


| clamps are available for DPA type. 
| Contact arrangements available in- | 
| clude standard 5 and 10 amp and | 


| 5-amp coaxials up to a total of 32 | 


contacts. Two DPA and seven 


| DPX layouts are available. In- 
| sulation materials are melamine or 


Diall 51-01, both of which have 
Shells 


Made by Cannon Electric 


geles 31, Calif. 
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Plastic Bellows 


Chemically inert, corrosion and | 
heat-resistant Teflon bellows are | 


available with companion flanges 
conforming to American Standard 
bolt hole circles and numbers for 
pressures up to 125 psi. Pipe size 
range is % to 12 in. Operating 
temperature range is — 94 to 500 F. 
Use of new convolution form re- 
sults in good strength and flexi- 
bility and long life. Bellows ex- 
pand and contract in either direc- 


| tion with equal freedom of motion. 


Typical applications include vibra- 
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BEARINGS! 
TYPE RF 


FILMOSEAL 
from 0.1969” O.D. 


Smallest Sealed Retainer Type Radial 
Ball Bearing 


An RMB First 


This is @ miniature bearing! It looks like a big 
bearing, doesn't it? That's because it has all the 
features of a big bearing, such as— 


e Deep groove races 

e Balanced two-piece or snap-type ball retainer 
@ Non-rubbing capillary oil seal 

e@ Removable and replaceable dust shield 

® Precision tolerances 


RMB Type RF Filmoseal bearings (illustrated) ore 
available in sizes from 0.1969” O.D. 


Type RF now available in R2 size (ABEC-1, 3, 5) 
(Y%" bore—%" O.D.) 
Bring your Miniature 
Bearing Problems to RMB 


A complete line of over 250 miniature and instru 
ment bearings including radial and roller types 
available for prompt delivery. Experimental quo 
tities from stock. 


Write for catalog 12 
Or see our catalog in Sweet's Files. 


QTD LANDIS « GR 


INCORPORATED 


| 45 WEST 45TH ST. « NEW YORK 36,N % 


MACHINE DEsIGN—September 195 








J&L’s New JALTEN series enables you to select 
low-alloy, high-strength steel in the following com- 
binations of advantages: 


High strength, good formability and fabricating 
—good resistance to low temperature impact. 


High strength, moderate forming—improved 
resistance to atmospheric corrosion. 


High strength—improved resistance to abrasion. 


Remember to specify JALTEN High Tensile Steel for 


® HIGH STRENGTH © RESISTANCE TO CORROSION 
® GOOD FORMASBILITY @ RESISTANCE TO ABRASION 


Sones + Laughlin 


STEEL CORPORATION — Pittsburgh 
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Jones & Laughlin Steel Corporation 
Dept. 410, 3 Gateway Center, Pittsburgh 30, Pa. 


Please forward a copy of your booklet, Jalten low- 
alloy, high-strength steel. 


Name 
Company 


Address 





engineers and PA's, 


This useful 
fact-filled 
catalog 


Everything you need to know 
about 





New Parts and Materials 





tion dampers, expansion joints and 
connectors. Bellows are available 
in wide range of designs for pumps, 
accumulators, batching scales, hy- 
draulic systems and otker instal- 
lations. Made by Crane Packing 
Co., 1800 Cuyler Ave., Chicago 13, 
Il. 
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| Patterned Metal 





YOURS FOR THE ASKING | 


CURTIS UNIVERSALJOINTS | - 


in one convenient, file-size package. 


Partial list of contents 
Sizes & styles 

Special joints 

How to specify 

Test data 

Torque & load ratings 
Keyway & Broach data 
Dimension drawings 


Engineering data 


Prices 


S45 


| 
| 
| 
| 


Write today on your letterhead | 


for your FREE copy. 


TRADE 


€ CURTIS 


MARK 


UNIVERSAL JOINT CO., INC. 
5 BIRNIE AVENUE, SPRINGFIELD 7, MASS. 


As near to you as your telephone 


SINCE 1919 — EXCLUSIVELY 
A MANUFACTURER OF UNIVERSAL JOINTS 
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Designed for decorative uses, 
C-i-S pattern of Rigid-Tex metal 
consists of concentric circles with- 
in squares. Pattern effectively 
conceals fingerprints, scratches 
and smudges and controls light 
diffusion to eliminate glare. It 
imparts strengthening effect to 
light gage metal which is fur- 
nished in sheet, strip and coil 
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form in a variety of finishes, in- 
cluding two-tone effects, electro- 
polished and painted finishes. Pat- 
tern has 734-in. maximum width 
and a maximum thickness of 
0.025-in. with maximum pattern 
depth of 0.005-in. in type 302 an- 
nealed stainless steel. Maximum 
thickness specification will vary 
with type and temper of metal re- 
quired. Made by Rigidized Metals 
Corp., 693 Ohio St., Buffalo 3, 
N. Y. 
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Slide Assemblies 


Fifty-two types and sizes of 
standard slide assemblies are avail- 
able in 2 to 6-in. widths, 3 to 16-in. 
lengths and with travel ranging 
from %-in. to 4 in. Slides move 
on dovetail ways. Male and female 
members, of wear-resistant, high 
tensile strength iron, are treated to 
eliminate distortion. Top and bot- 
tom surfaces of both members are 


precision machined and ground 
parallel. Gibs with adjusting 
screws are provided for regulat. 


ing the clearance and compensat- 
ing for wear as required. Basic 
slides include male and female 
members, gib and gib adjusting 
screws. Assembled slides, identical 
in design and dimensions, also have 
compression type return springs, 
mounted on guide pins in an end 
plate and fitting into drilled holes 
in the male member; adjustable 
stop screw for regulating length 
of slide travel; oil-resistant Neo- 
prene shield to protect sliding sur- 
faces; and two drilled and counter- 
sunk holes in male member to re 
ceive mounting screws. Both types 
are available with either machined 
or hand-scraped sliding surfaces. 
Made by Russell T. Gilman Inc, 
2410 N. Farwell Ave., Milwaukee 
11, Wis. 
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Homogeneous V-Rings 


Homogeneous V-rings molded t 
JIC accepted dimensional stand- 
ards are for use in hydraulic and 
pneumatic applications at Pre 


sures to 5000 psi. Rings are % 
(Continued on Page 249) 
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(Continued from Page 244) 
fered in two types of synthetic 
rubber. No. 1225 Neoprene-base 
compound is fabricated into rings 
having low friction, low swelling 
and high wear resisting character- 
istics. Rings made with No. 1275 
Buna-N base compound have high 
oil resistance, low friction and high 
wear-resisting characteristics. Use 
of impregnated fabric adapters is 
recommended to support the V- 
rings and to resist extrusion and 
minimize failure. Made by Pack- 
ing Div., Raybestos-Manhattan 


Inc., Manheim, Pa. 
For more data circle MD-83, Page 227 







Indicator Lights 





Series of pilot light assemblies is 
designed to employ telephone type 
incandescent bulbs having a slide 
base. Lamps can be replaced with- 
out tools. Screw or friction fitted 
caps have flat or convex lenses of 
% or 14-in. diameter. Wide angle 
visibility cap is also available. Back 
projection is kept to minimum for 
easy mounting in shallow panels. 
Mounting requirement is a single 
9/16-in. hole; adjacent units can be 





















Placed as close as 34-in. center-to- 
center. Solder or screw terminals 
are available. Made by Dialight 
Corp., 60 Stewart Ave., Brooklyn 
37, N. Y. 
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Spherical Bearing 


Spherical bearing can be con- 
structed in wide range of mate- 
rials and has selective and close- 
tolerance fit between race and ball. 
Large bearing area allows heavy 
radial and axial loads, and assem- 
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blies are suitable for use in high 
temperature applications. Heavy 
load applications are possible, such 
as mounting jet engines in air- 
craft. Bearing is available in 
many configurations including rod 
ends, and in sizes up to No. 16. 
Other sizes can be nroduced as re- 
quired. Made ty Delron Co. Inc., 
Bearing Div., 5224 Southern Ave., 
South Gate. Calif. 
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Hydraulic Control Valves 


Five directional control valves 
for gasket type mounting are de- 
signed for use in hydraulic sys- 
tems with operating pressures up 
to 2000 psi. All models conform 
to JIC specifications. Valves are 
pilot-operated; single or double 
solenoid-operated; or single or 
double solenoid-controlled, _ pilot- 
operated. Solenoid-operated valves 
are rated at 3 gpm maximum ¢ca- 
pacity. Either of two subplates or 
equivalent mounting pad may ke 
used. One subplate, for flows to 
1 gpm, has \-in. pipe threads; 
the other, for flows to 3 gpm, has 
3¢-in. pipe threads. Pilot-operated 
as well as_ solenoid-controlled, 
pilot-operated valves are rated at 





Electrol 
Check Valves 





Prevent AIR... OIL 
Reversal OR WATER 
of Flow in | APPLICATIONS 


Electrol (463FP) Check Valves 
are ideally suited for heavy- 
duty service applications— 
providing positive sealing 
against return flow in air... 
oil . . . or water control lines, 
with a minimum of pressure 
drop. They have a maximum 
operating pressure of 5,000 
P. S. I., with a cracking pres- 
sure — in free flow direction 
—from 2 to 8 P. S.1. Elements 
are of brass and bronze — 
and include an O-ring check 
seat. Sizes range from %” 
to 2” N.P.T. Your inquiries 
will receive prompt attention. 


Diagram showing 
internal construc- 
tion of the Elec- 
trol (463FP) 
Check Valve. 





Fedldétid 


Gillet Ceatigued 
bee kLlectral Hydatid 






Electrol 


HYDRAULICS » 


KINGSTON; NEW YORK 
Telephone, Kingston 1980 


CYLINDERS + SELECTOR VALVES * FOLLOW-UP VALVES 
CHECK VALVES + RELIEF VALVES * HAND PUMPS 
POWERPAKS + LANDING GEAR OLEOS * SOLENOID 
VALVES + ON-OFF VALVES SERVO CYLINDERS * TRANSFER 
VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 















Shaving newspaper plates 
... quickly, accurately 


Hammond Plate Shavers use 


WINSMITH SPEED REDUCERS 


Shaving 19” x 26” newspaper plates to correct printing height within 
12 seconds .. . shaving 30 to 40 thumb nail shell plates at one time with 
uniform accuracy, this Hammond Model S-8 Plate Shaver is equipped 
to help a newspaper go to press before deadline. 


Directly coupled to a 142 HP motor in the drive mechanism, which 
moves the plates into the carbide blade, is a Winsmith Model 11H 
Differential Speed Reducer with a reduction ratio of 108:1. Correct 
speed for fast, smooth and accurate shaving is assured. 


Compactness, ruggedness and dependability have made Winsmith 
reducers most preferred for applications within the 1/100 to 85 HP range, 
in ratios of 1.1:1 to 50,000:1. Why not find out how this complete line 
of differential, worm gear, helical gear and worm-helical reducers can 
meet your needs to best advantage? 

For details, request Catalog 148 ... and for information on Winsmith’s 
new “C”. Line Worm Gear Speed Reducers, request Bulletin HW654. 

WINSMITH, INC. 


16 Elton St. 
SPRINGVILLE (Erie County), N. Y. 








| 
| 
| 
| 
| 
| 





New Parts 





22 gpm capacity. Subplate is 
tapped for %4-in. pipe. Pilot pres- 
sure ranges from 50 to 2000 psi 
valve capacity. From one to six 
spool types, all of which are inter- 
changeable in the same body, are 
offered in each design. Made by 
Industrial Hydraulics Div., Parker 
Appliance Co., 17325 Euclid Ave, 
Cleveland 12, O. 
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Motor-Driven Generator 


Miniature precision ac motor- 
driven induction generator com- 
bines an induction motor having 
a high torque-to-inertia ratio with 
a linear drag cup generator. It 
provides positive alignment of mo- 
tor and generator in a single hous- 
ing machined to close tolerances. 


When one phase of the two-phase 
generator is excited, the other de- 
velops an output voltage propor- 
tional to the speed. Both motor 
and generator operate on 115-v 
current. Input of motor, stalled, is 
7.4 w; stalled torque is 0.8-oz-in. 
No-load speed of generator is 3070 
rpm counterclockwise; reversing 
time is 0.06-sec, and moment of 
inertia is 7.4 gm cm?, Unit weighs 
15.4 oz. Made by Electric Indicator 


Co. Inc., Springdale, Conn. 
For more data circle MD-87, Page 227 


Threaded Fasteners 


Quintlock cadmium-plated steel 
fasteners provide —_ permanent 
threads in sheet metal. Collar of 
the nut is either hammered 
punched into a hole in the metal 
and the fastener is held against 
screw torque by four pronged 
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Cut Production Costs 
with 

REVERE 

ALOMINGIA 


Fin stock, made of Revere Aluminum Coiled Sheet, is 
saving time and money for leading manufacturers of 
convectors, baseboard convectors, unit heaters, air con- 
ditioners and refrigeration equipment—much of it in 
combination with Revere Copper Tube. Uniformity of 
properties and accuracy of gage are among the reasons 
for the widespread use of this fine Revere material. 

Available in a number of alloys, Revere Aluminum 
Products include coiled sheet, extruded products, seam- 
less tube, and forgings, as well as electrical bar. The 
Revere Technical Advisory Service is ready to help you 
use them to advantage. 

Send for your free copy of the new 28-page booklet, 
“Revere Aluminum Extruded Products.’’ Address 
Dept. ME9. 








REVERE 
ALOMIN GIA 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 
. _ . 


Mills: Baltimore, Md.; Chicago and Clinton, I/l.; Detroit, Mich.; 
Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y.— 
Sales Offices in Principal Cities. 


SEE “MEET THE PRESS’’ ON NBC TELEVISION, SUNDAYS 
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ow! Greater than Ever 
FACILITIES 


TO MEET YOUR ASSEMBLING 
REQUIREMENTS! 


POWER — 
SCREWDRIVERS 


=p 


SELECTIVE 
PARTS FEEDERS 


SCREWDRIVER 





yy 


SPECIAL 
ASSEMBLING 
MACHINES 


a 


EXTENDED 
ENGINEERING 
SERVICE 


BARREL 
FEEDER 


BOWL 
FEEDER 








° 

@ Action... MoreAction... in your assembly 
department! More Speed Greater Accu 
racy... lower Costs... Vital factors in yo 
olgelolUlailelam elgeleigela PYohaelalielel-t men Zelileleli= 
© you through the DPS expanded lir 

y-toMaslolalUhaolai¥lalalemiolal ills; : 

Let our trained engineers analyze your 

problem... Whateve an i-t-tellale Melalomne) 
bling Operations may be 


p with a practical sc 
SPECIAL 
GIVE US THE DETAILS...SEND SAMPLE ASSEMBLY. ASSEMBLING MACHINE 


DETROIT POWER SCREWDRIVER CO. 


2801-A W. FORT ST. DETROIT 16, MICHIGAN 
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corners which imbed themselves in 
the surface of the sheet. The col- 
lar bites into the side of the hole 
to anchor it against reverse fall- 
out. Fasteners will resist up to 
87 lb-in. of screw torque in alu- 
minum sheet. They are available 


in 4-40, 6-32, 8-32, 10-32 and \- 
20 machine screw sizes with col- 


lar lengths to fit sheet thicknesses 
from 0.050-in. Made by Fox Prod- 
ucts Co., 4720 N. Eighteenth St., 


Philadelphia 41, Pa. 
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Foot Switch 


Clipper foot switch for heavy- 


| duty operation has a black wrinkle 
| finish cast iron housing with sponge 
| rubber skid pad to prevent sliding. 
| It may be operated easily from 
| either sitting or standing positions. 


Mechanism is well protected from 
dust but is accessible for wiring by 
removal of two screws. Weight 8 
2 Ib. Made by Linemaster Switch 
Corp., 424 Woodstock Terrace. 
Woodstock, Conn. 


For more data circle MD-89, Page 227 
Brakemotor 

Utilizing the motor end bracket 
as an integral part of the brake 


results in a brakemotor of short 
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Personalized service to customers 
has always been an important 
partof Bridgeport’s policy. That’s 
why, when you discuss your alumi- 
hum requirements with a Bridge- 
port representative. you’ll find 
him paying careful attention to 
matters like your fabricating, 
production and finishing prob- 
lems, cost factors and your 







Bridgeport: s sixteen extrusion presses with capac- 
ties from 1650 tons to 5500 tons can serve your 
ae Aluminum Extrusions in a wide variety 
of shapes and alloys. 


BRIDGEPOB; 
BRIDPGEPO 


both die and hand ry tert include 
presses from 650 tons capacity up 
to this giant 16,500 ton press. 


BRIDGEPO 
SBHREDGEPO 


BRE DG E RP, 
B HR.E DG FE 
BRE EG EPs 
BRIDGEPORT ALUMINUM 
is backed by 89 years of Superior Customer Service 













finished product . . . in short, a 
good deal more than just the 
order. 

This customer service is backed 
by a staff of trained light-metal 
production specialists, which as- 
sures you of quality Bridgeport 
Aluminum Products—and on-time 
deliveries. 

Other specialized Bridgeport 









Bridgeport Contour Hand Forgings save produc- 
tion and material costs on high-strength parts in 


limited quantities. Write for your copy of this ~- 


Forging Folder. 













services are available to you in 
the form of research and technical 
assistance—development work in 
titanium and magnesium—all 
yours to use in solving your light- 
metal problems. Call your local 
Bridgeport Sales Office for more 
information on Bridgeport A’..- 
minum Products and our services. 





BRIDGEPORT BRASS 
COMPANY 


ALUMINUM DIVISION « BRIDGEPORT 2, CONN. 


Sales Offices in Principal Cities—Conveniently 
Located Warehouses 
Mills at Bridgeport, Conn., 
Indianapolis, Ind., and Adrian, Mich. 


Bradgep rt 








See our exhibit at the 
National Aircraft Show 
September 4, 5, 6, Dayton, Ohio 








BRIDGEPORT ALUMIN UM 
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. RUBBER | New Parts 


SPANKS 


Abrasion resistant rubber paddles 


are easily replaced in new 


| PETTIBONE Ea SpEEDpILER 


Whirling at 2000 feet a 
minute, six rubber paddles 
throw sand, crushed stone, 
coal, chemicals, feed, grain, 
salt, sugar, fertilizer and other 
bulk materials . . . wet or dry 

. 47 feet and farther. Most of 
this material, up to 1” 
in size, has a terriffic 


abrasion quality. 


Roth Rubber Engineers Solved This Problem 


overall length. Units are available 
in NEMA motor frame sizes from 


| 203 to 326. Disk brakes furnish 





Roth engineers specified and formulated just the right rubber to resist this 
tremendous abrasive action. Also solved was the problem of fast, easy, inex- 
pensive replacement. Roth engineers can solve your rubber problems. There’s 
no obligation for Roth technical assistance. Write us a description of your 


rubber problem or your rubber requirements. We'll be glad to help. 


Engineers and Rubber Buyers! 


Write for your free Roth Rubber Sampler. This unusual kit contains actual 


rubber samples with hardness from 5 to 100 Durometer . . . 


gives ASTM specs 


and lists uses for each sample. Sorry, but offer must be limited to engineers 


and rubber buyers only. 


Please ask for Roth Rubber Sampler No. MD1. 


Custom manufacturers of Industrial Rubber Products since 1923 





ROVW RUBBER COWPANY 





18S6 S$. S4THO AVENUE ? 


CHICAGO 


5 


) | 
0 


| brazed to brass piston. 


maximum continuous duty torque 
from 3 ft-lb in the smaller sizes 
to 50 ft-lb in the largest sizes. Ex- 
ternal wear indicator eliminates 
need for cover removal and con- 
stant brake-lining inspection. One 
torque-adjustment nut sets brake 
for any rating. Unit has cast iron 
external parts; dependable brake 
lever system; maximum solenoid- 
gap limit; and one-piece, low-iner- 
tia molded friction lining. Made 
by Louis Allis Co., 427 E. Stewart 


St., Milwaukee 7, Wis. 
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Transparent Plastic 


Made from HT-CR-39 resin, 
transparent plastic is available in 
sheet form in standard thicknesses 
up to %-in. Intended for flat glaz- 
ing applications, it has strong im- 
pact resistance and withstands 
short exposure to temperatures as 
high as 350 F without losing clar- 
ity or rigidity. The material also 
offers good resistance to abrasion, 
hot metallic spatter and all types 
of chemical fumes and solvents. 
Made by Cast Optics Corp., 1010 


Post Rd., Riverside, Conn. 
For more data circle MD-91, Page 227 


Air Cylinders 


Double-acting Studmount aif 
cylinders have 1%%-in. bore and 
are available in 14-in. increments 
of stroke from 1 to 6 in. Brass 
heads are nickel plated and 
screwed into honed and. “Copper 
brited” cylinder tube. Stainless 


steel piston rod is screwed 
Standard 
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Electronic 
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speed range 


Rome 
= rugged, 
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C onnect this new Electronic Select-A-Spede to 

your A.C. power source and get infinitely adjustable 
speeds in ranges of 5:1, 20:1, or 50:1, with 100:1 
also available for some applications. And that’s not the 


only feature of this new variable speed drive. You get 


precise speed regulation — as close as 14% with 
tachometer feedback. You get rugged design for tough 
industrial service — simple, reliable, electronic circuits, 


This new Electronic Select-A-Spede consists of an 
anode transformer, control panel, pushbutton station, 
and D.C. drive motor. Transformer and control 

can be located in almost any convenient place with 
motor and pushbutton station available in any 
enclosure you need. And you can get many electrical 
and mechanical modifications, as well as a variety of 


optional features — inching, reversing, threading, etc. 


The Electronic Select-A-Spede is ideal for machine tools, 
test equipment, conveyors, printing presses, balancing 
machines — wherever high flexibility and precise 

speed control are needed. Get full information on this 
versatile new drive from Bulletin No. 1500. Ask your 


Louis Allis Sales Engineer for your copy or write to us. 





THE LOUIS ALLIS CO. 


cae quantity molded 
“= mechanical parts 


* 


Sigé°' with individual 


, 


precision 


... for parts of iron, brass, nickel, 
tungsten alloys, and silver 


@ Why machine or cast small, intricate parts? 
Superior can produce quantities of accurate parts 
at a very low cost per piece by powder metal- 
lurgy. Every piece of a run will be uniform in size, 
strength and density. Superior can make alloyed 
metal parts to fit your application, recommending 
the right material for the job you have in mind. 
Consult Superior first. 


Send us your blueprint and specifications. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE «+ CLEVELAND 5, OHIO 


New Parts 





oF 


O-ring seals are used. Foot and 
flange mounts as well as piston 
rod clevis are available. Made by 
A. K. Allen Co., 57 Meserole Ave,, 
Brooklyn 22, N. Y. 
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Centrifugal Switches 


For controlling any mechanical 
or electrical device with rotary 
motion, Synchro - Snap centrifugal 
switches are now available in three 
models, the largest of which is 
suitable for units rated up to 5 
hp. Throw-out speeds of the 
switches are adjustable and are ac- 
curate to +2'% per cent. Switch- 
ing is completed at a predetermined 


= 


speed within three revolutions of 
the shaft to which it is attached. 
Snap-action eliminates fluttering or 
chattering. Action is determined by 
speed alone, regardless of voltage 
or load. Made by Torq Engineered 
Products Inc., Interstate St., Bed- 
ford, O. , 
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Paper-Base Plastic 


Possessing good diclectric 
strength, low dissipation factor 
and good moisture resistance, 
Phenolite Grade Y-2401 is a paper 
base electrical grade plasti¢, 
bonded with a polyester-modified 
melamine resin. Arc resistance 8 
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You Get Many Benefits 
ONE OF A SERIES —— 


by Specifying VICKERS, Hydraulics 








that means improved 


Resear ch oil hydraulic equipment 


The list of pioneering developments in hydraulics contributed by Vickers research 
is long and impressive. Among the most important are: 

Hydrostatic Relief Valve e¢ Commercial Power Steering e Balanced Vane 
Type Pump e Flow Control Compensator e Axial Piston Pump and Motor 
These are fundamental developments that have been of vital importance in the 
progress of hydraulics. They are representative of a large line of equipment that, with 
Vickers experienced application, assures you the best in any type of hydraulic operation. 
Vickers, with unmatched laboratory and basic research facilities, continues to lead 


the way in the oil hydraulics industry. 


MICKERS Incorporated 


PILISION OF THE SPERRY CORPORATION 
430 OAKMAN BLVD. e DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA ¢ CHICAGO (Metropolitan) « CINCINNATI « CLEVELAND 


DETROIT ¢ HOUSTON ¢ LOS ANGELES (Metropolitan) « NEW YORK (Metropolitan) « PHILADELPHIA 
PITTSBURGH ¢ ROCHESTER ¢ ROCKFORD « SEATTLE ¢ TULSA ¢ WASHINGTON ¢ WORCESTER 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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—an extraordinary 


EMSC 


BALL BEARING 
SWIVEL 
FITTINGS 





ball bearings rolling 
ona FLAT surface 


e offer less friction 
© are easy turning 
¢ wear longer 





It’s an old principle, a ball rolling on 
a flat surface — making a single point 
of contact, and when applied to a ball 
bearing swivel fitting you get an extraor- 
dinary result —free and easy rotation 
even under extreme pressures. Compare 
EMSCO on this point! 

Should you take the EMSCO fitting 
apart — and it’s easy to do because it 
breaks like a union, you'll rote a unique 
packing and ball race design which 
permits easy adjustment for wear. No 
expensive return of fittings to the 
factory for service. Note also how the 
large fluid passageways and smooth, 
easy contour of bends reduces turbu- 
lence and increases flow. 

You'll find an EMSCO ball bearing 
swivel fitting for almost any application. 


GET THE COMPLETE 
ENGINEERING STORY 
FROM OUR NEW 
CATALOG TODAY. 


8 BASIC STYLES — OVER 500 MODELS 


EMSCO MANUFACTURING COMPANY 


BOX 2098, TERMINAL ANNEX 
Houston, Texas * LOS ANGELES 54, CALIFORNIA * Garland, Texas 


Representatives in principal cities 


) New Parts 





——— 


approximately midway betwee 
that of paper-base phenolic ani 
paper-base melamine, and machina. 
bility is comparable to that of 
paper-base phenolics. The ma. 
terial can be punched in thick. 
nesses up to %%-in., and sections 
up to %-in. thick can be shaped by 
shaving dies. It can be drilled 
sawed, turned and milled using 
standard tools and, because it is 
not brittle, can be rough-blanked 
close to its final form. Sheets of 
the ivory colored material are 
available in sizes up to 39 x 47 
in. and 1/32-in. to 1 in. thick. 
Made by National Vulcanized Fibre 
Co., Wilmington 99, Del. 
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Air-Cooled Engine 


Model K90R air-cooled engine 
has a reduction unit which pro 
vides a 6 to 1 gear ratio for ap- 
plications requiring low power 





take-off speeds. An oil bath ail 
cleaner, a fly-ball governor and 4 
ball bearing mounted crankshaft 
are also incorporated in the 36- 
hp, 52-lb engine. Made by Kohler 
Co., Kohler, Wis. 
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Electronic Relay 


Compact model MEK-2403 elec: 
tronic relay is easy to install and 
operate. It can operate with ® 
high resistance in its control 0 
initiating circuit; contact resist: 
ance of up to almost 1 megohm 
can be allowed across the initiatin 
contacts. Resistance of controb 


: 54 
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New squeeze play 


with 


U. S. Multi-Flex Boots 





Here are some new ideas about design 
Versatility on protective boots. With 
Multi-Flex® products—a United States 
Rubber Company development—you 
can put entirely new advantages into 
equipment that requires protection for 
exposed moving parts. 

Consider the U.S. Multi-Flex Boot. 
Itcompletely shields the ram shown 
above from scoring by grit and other 
abrasives, yet occupies minimum instal- 
lation space. Multi-Flex Boots meet 
travel requirements impossible in con- 
ventional boots. They also guard any 
Precision-machine part—such as a pis- 
‘on, worm gear or adjusting screws. 


UNITED 


STATES 





Above is Multi-Flex Boot installed on a hydraulic 
press ram. Shallower, smaller corrugations mean 
less installation space necessary. 


Custom made of rubber or rubber and 
fabric, they are produced without molds 
by this exclusive “U.S.” process. 
Multi-Flex Boots also are available 
in Silicone or Fiberglas constructions to 
handle temperatures from 65 degrees to 
500 degrees ...and are made to order 
in inside diameters from 1” to 36”. 
Machine tools, lift trucks, tractors, 
mining machinery, stamping presses are 
but a few of the many items that are 
now equipped with Multi-Flex. For en- 
gineering advice and assistance, get in 
touch with any of our 27 District Sales 
Offices or write to address below for a 
free copy of our Multi-Flex Catalog. 


RUBBER 


“U.S.” Research perfects it 
“U.S.” Production builds it 
U.S. Industry depends on it 


COMPANY 


d MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
“ee © Belting » Expansion Joints « Rubber-to-metal Products « Oil Field Specialties * Plastic Pipe and Fittings ¢ Grinding Wheels « Packings ¢ Tapes 


Molded 
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and Extruded Rubber and Plastic Products « Protective Linings and Coatings « Conductive Rubber « Adhesives « Roll Coverings « Mats and Matting 
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MEAN QUICK ACCESS. On Panels, doors or 
covers, Camloc Fasteners Provide positive locking 
by a quarter-turn with a screw driver or wing 
head. They’re vibration-proof, because the action 
of cam, spring and detent creates a uniform 
locking torque that grips firmly. Camloc 
Quarter-Turn Fasteners cost less to install 
minimize replacement... fewer do the job. a 


HEAVY DUTY LATCHES 


high 
RATED. Where 

: D EASILY OPE ye 
Tae capacity Is 4 eyrnrte ao 
“ d closing must be done U Nd 
ni” mioc has the answer. prin 
a ting sheer Pin, 


c 

ed handle, retra : 
_ ositive locking are among sa 
. many design advantages. 


open 


SUITED To Yo 
: UR 
aircraft, machiner NEEDS. In the e 


rel y and man 

re) i . 

Came duipment manufacturer 

hs 0c’s Engineering Department 
eners that increase accessibilit 


lectronics, 
r fields, leading 
are calling on 


to design Specia] 
y. 


If you have any fastener problem, write for our 
catalog or specific information. 


soon! 


STRESSED PANEL FASTENERS: 
A complete departure from conventional fastening. 
Write for illustrated brochure. 


<amtoc 


FASTENER CORPORATION 


37 Spring Valley Road, Paramus, N. J. 
WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 








ling contacts can vary over wide 
limits from one operation to the 
next. Control circuit voltage and 
current are very low, permitting 
use of delicate contacts with mini- 
mum separation. Arcing across 
control contacts is eliminated. Load 
contacts for control of external 
circuits provide a means to oper- 
ate load circuits from delicate 
mechanisms or contacts, liquids or 
extremely light pressures that 
normally cannot perform this fune- 
tion directly. Made by Machinery 
Electrification Ine., Northboro 


Mass. 
For more data circle MD-96, Page 227 


Control Station 


Mini-Line control station for 
pneumatic control system provides 
a choice of remote manual control 
independent of all automatic con- 
trollers for starting and stopping 
and for periods where the measur- 
ing and/or controlling elements 
may be out of service. Quick 
transfer from automatic to hand 
control may be made without any 
disturbance to the process. Ver 


42-00 +~™H 
TL 
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Let this unique illustration convey to you the remarkable cooling effect of Howell’s new internal ventilation system in Series 100 Motors. 


New Howell re-rated motors 
run cooler...save space 


Here are completely new motors . . . built with your 
design requirements in mind . . . smaller, lighter, 
cooler running, with generous overload capacity! 


Now! Howell brings you everything 
you want in a re-rated motor: 
maller size and lighter weight . . . 
lus better cooling for less mainte- 
tance and longer life. 


Howell Series 100 re-rated motors 
ature a new internal ventilation 
ystem that provides 50% more con- 
lat between cooling air and active 
lamination materials. Temperature 
ratings are easily maintained; over- 
lad capacity is increased. 

Many New Features 
‘ries 100 Motors offer many other 
‘dvantages: They take up less space 

“Up to 30% less in some sizes; both 
en and totally enclosed fan-cooled 
totors have same diameters. They 
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perform better—Howell uses de- 
pendable copper rotors for higher 
conductivity, greater flexibility; new 
Mylar* slot insulation is thinner 
(more space for copper windings), 
yet eight times stronger. They last 
longer—better cooling, double- 
shielded bearings and super tough 
steel frames and feet, with cast iron 
endplates, insure extra years of 
trouble-free performance. They fit 


your special needs — Howell provides 
rotors in three diameters for each 
frame size; corrosion-resistant mate- 
rials and fittings are available to 
meet your specific industry problems. 


Before you buy any re-rated 
motor, compare Howell Series 100 
Motors for modern design, outstand- 
ing performance, and engineered 
precision. Howell will continue to 
make a complete line of regular and 
special motors — we have in our files 
more than 20,000 electrical design 
specifications! Let us serve you. Call 
your Howell man today. 


*DuPont trade mark 


HOWELL MOTORS 


Howell Electric Motors Company, Howell, Michigan 


MOTORS FOR 


INDUSTRY 


SINCE 1915 
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...OMN your 


CONTROL CIRCUIT TRANSFORMERS! 


It Assures HEVI DUTY Quality in a transformer 
Including These 4 Outstanding Features . . . 


%& LOW REACTANCE. Interleaved windings give excellent volt- 
age regulation at low power: factor, high inrush loads. 


% COMPACTNESS. Saving valuable panel space, this Hevi 
Duty Transformer is able to do a better job than many 


larger transformers. 


%& HIGH DIELECTRIC STRENGTH. Coils impregnated with acid 
and moisture resistant polymerizing varnish. 


%& TESTED to NEMA and ASA Standards. 


Terminal Connecting Type available in sizes from 30 VA to 10,000 VA. 
Complete information showing regulation curves, impedance char- 
acteristics, mounting dimensions, and other engineering data in 


Bulletin T-5111. 
HEVI 


MILWAUK 


EE I, 


DUTY ELECTRIC COMPANY 


WISCONSIN —— 


Heat Treating Furnaces... Electric Exclusively 


Dry Type Transformers 


Constant Current Regulators 
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New Parts 





a 


tical gages indicate signals from 
the transmitter, set point or bias, 
hand control, and automatic con- 
trol. The three control knobs are 
for automatic-hand selection, set 
point or bias adjustment, and hand 
control. Unit operates on stand- 
ard SAMA signal ranges of 3-15 
or 3-27 psig. Flush mounting re- 
quires a 614 x 4'4-in. area. Gage 
accuracy is within +%% per cent 
of signal range, and air consump- 
tion is less than 0.2 cfm. Made by 
Bailey Meter Co., 1050 Ivanhoe 
Rd., Cleveland 10, O. 
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Sintered Bearings 


Sintered graphited bearings for 
fractional horsepower electric mo- 
tors, appliances, textile and auto- 
motive equipment are now offered 
with groove running length of bear- 
ing. Groove is of narrow width, 


but as deep as bearing wall thick- 
ness allows. This design prevents 
buildup deposit which otherwise 
would bind bearing on the shaft. 
Groove catches these deposits, 
while bearing surface remains 
clean and oiled with protective 
film. Bearings do not score shafts. 
Made by Wakefield Bearing Corp. 
Wakefield, Mass. 
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Wing Nut 


Now available in size 5/16-in.-18, 
this wing type finger-tightened 
fastener is a single thread nut 
stamped of spring steel, heat 
treated and tempered after form 
ing. Locking part of the nut 5 
conical and has a center hole 
with inner edges formed to the 
pitch of the screw thread. Slots 
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LINEAR "O”’’ RINGS 


The price advantage formerly enjoyed by injection molded 

“O” Rings no longer exists! LINEAR, with an exclusive, new and 
revolutionary process, now brings you ROTO-MOLDED 

“O” Rings—true compression-molded quality, at prices 
competitive with ordinary rings! 

LINEAR’S new'ROTO-MOLDING process is an entirely new method 
of compression molding that eliminates flash... produces a tough 
homogeneous grain structure far superior to injection or 

transfer methods. There’s no danger of “accordion joints” or 
partial knitting. Every LINEAR ROTO-MOLDED “O” Ring is uniformly 
perfect—built for complete dependability 

in your product. 

You can get LINEAR ROTO-MOLDED perfect circle “O” Rings in a 


variety of standard sizes and compounds—or in special sizes 
and compounds to meet your requirements. Get the facts now! 


“PERFECTLY ENGINEERED PACKINGS’ 


a 


— tit 
SS / = : ; . 
jn | lie Se. 


LINEAR, Inc. STATE ROAD & LEVICK ST., PHILA. 35, PA 








rLITTLEFORD 


WELDMENTS, 
BASES, 
SUB-ASSEMBLIES 





CORRECT DESIGN 





ACCURATE FABRICATION 





SAVING IN WEIGHT 





HIGHER STRENGTH 








LOWER COST 


FABRICATORS 
OF 
PLATE AND 
SHEET METAL 
PROOUCTS 
FOR INDUSTRY 
SINCE 1882 


LITTLEFORD BROS., INC. 
424 E. Pearl St., Cincinnati 2, Ohie 





New Parts and Materials 





on the inner edge form spring jaws 
which close in and grip the screw 
thread when the nut is tightened. 
Standard nuts have cadmium fin- 
ish; brass or nickel plated nuts 
are available. Other sizes avail- 
able are No. 6-32, 8-32, 10-32, 10- 
24 and 14-in.-20. Made by Palnut 
Co., 61 Cordier St., Irvington 11, 
N. J. 
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Pneumatic Booster Pump 


Working on the differential area 
principle, this automatic pneumat- 
ic booster pump can be regulated 
to supply air at any pressure be- 
tween one and two times the in- 
put pressure. Using a 95 psi in- 
put, pump takes 1 minute to boost 


a 12-gal tank precharged at 100 
psi up to 185 psi. Unit includes 
valves, filter and lubricator, gages 
and other equipment mounted on 
a common plate. Made by Day- 
ton Rogers Mfg. Co., 2824 Thir- 
teenth Ave. S., Minneapolis 7, 
Minn. 
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Subminiature Switches 


Two single-pole, double-throw 
basic switching units, providing 
control of up to four circuits, are 
contained in this Micro-Switch 
13AT three-position, panel-mount- 


eR 


ing subminiature toggle switch as. 
sembly. One unit is actuated in 
each extreme toggle position, 
though neither unit is actuated in 
center toggle position. Thus, it 
is possible to have three different 
combinations of two circuits open 
and two circuits closed at any 
time. Switches are rated 125, 250 
v ac, 5 amp; 30 v de, 3 amp indue- 


tive at sea level, 2.5 amp inductive 
at 50,000 ft, 4 amp resistive at sea 
level and 4 amp resistive at 50,000 
ft. They have standard bushing 
and bat handle. Made by Micro 
Switch Div., Minneapolis-Honey- 
well Regulator Co., Freeport, Ill. 
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Immersion Heaters 


Single and double-flange Cal- 
rod immersion heaters operate on 
either ac or de circuits at 115 or 
230 v. Wattage ratings range from 
750 to 2500 w. A silicone seal and 
porcelain insulator are incorpol- 
ated at the heaters’ terminal ends 
as a protection against vapors and 
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New Parts and Materials 





oer 


liquids and as an electrical insula- 
tr. Terminal connectors are 
welded to low-resistance cold 
trminals which are attached to 
the resistance wire. Heaters are 
suitable for maximum working 
pressures up to 125 psi. Made 
ty Industrial Heating Dept., Gen- 
eral Electric Co., Schenectady 5, 
N. ¥. 
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Poppet Valve 


Measuring 2 in. high, compact, 
four-way “‘Pancake”’ valve is ac- 
tuated by means of a rotary han- 
dle. It has bottom-ported base and 
is available in 14, and %-in. pipe 
sizes. Valve seals with air pres- 
sure; pressure rating is 125 psig. 
Maximum recommended operating 
temperature is 175 F. Valve may 
be adapted for use at higher or 
lower pressures and for services 


















other than air. Made by Ross Op- 
erating Valve Co., Dept. 3101, 120 
E. Golden Gate, Detroit 3, Mich. 
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Potentiometer 


Capable of withstanding 50 g 
longitudinal acceleration with less 
than 1 per cent error, model 408 
absolute pressure potentiometer 
measures altitude, fuel pressure, 
throat and static pressure in a va- 
"ety of applications. Static refer- 
nce pressure is provided by an 
‘vacuated aneroid type bellows. 
Lightweight and compact instru- 
Pr is rated at 14-w output, suffi- 
a for direct connection to re- 
sale and control systems. Many 
ia ard pressure ranges are avail- 

©, Including 0-2, 0-8, 0-30, 5-10, 
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13-14.7 psia. Standard resistance 
values are 1000, 2000, 5000 and 
10,000 ohms. Made by Bourns 
Laboratories, 6135 Magnolia Ave., 


Riverside, Calif. 
For more data circle MD-104, Page 227 


Plastic Hose 


Flexible R-500 plastic hose, 
made from fluorocarbon resins, 
handles corrosive liquids and is 
resistant to temperature extremes. 
Light in weight, the hose is avail- 
able in diameters ranging from 
Y,-in. to 1 in. Made by Resisto- 
flex Corp., 39 Plansoen St., Belle- 
ville 9, N. J. 
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Connecting Rod Ends 


Connecting rod ends are madc 
with spherical bearings. Bail 
bearings are free of friction and 
rotate in the housing to correct 
misalignment up to 20 degrees. 
Bearings are easily removed and 





replaced for overhaul and are pro- 
tected from abrasion by double 
dust shields. Housing stem is in- 
ternally threaded either right or 
left hand. Three bolt hole sizes 
of 3/16, %4 and *%-in. are avail- 
able, rod lengths being 14, 1 7/16 
and 2 1/16-in., respectively. Com- 
plete sets consisting of ball bear- 
ing ends, lock springs and rods of 
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Photograph courtesy 
Ransburg Electro Coating Corp. 
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ANGLgear is the power takeoff between the 
motor and nozzles of this new electrostatic 
paint spray unit. 


WHENEVER designers dis- 
cover a new application for 
this right-angle bevel gear, 
you usually find—as in the 
case above—that their selec- 
tion was based on three 
product advantages: small 
size, high capacity, and low 
cost. List price on the small 
4g h.p. model, $19.50; and 
on the 1 h.p. model, $39.75. 
Contact your distributor or 
write us for information. 





Accessories Corporation 


HILLSIDE 5, NEW JERSEY 
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YES 


The BRAD FOOTE 


DEEP CASE HARDENING process has been perfected 
to a degree which practically eliminates distortion 


GEARS RUN TRUE 


BRAD FOOTE makes Spur 
Bevel 

Helical 

Spiral Bevel 

Herringbone 

Zerol 

Worms 

Worm Gears 

Reducers 

Transmissions 


No place is distortion control 
more important than on heavy 
duty gears which are run almost 
continuously at full rating and 
subjected to extreme shock loads 
such as are encountered in rolling 
mill operations. BRAD FOOTE DEEP 
CASE HARDENED gears run true 
and distribute the load evenly 
across the full face and on the 
designed bearing surfaces of 
each tooth. 


HARD TOOTH SURFACES 


In addition, BRAD FOOTE rigidly 
controls to set standards the 
depth of DEEP CASE HARDENING 
and the carbon content. The tooth 
surfaces. are of maximum hard- 
ness for long life, but the carbon 
content is gradually diminished at 
successive depths below the sur- 
face until it blends to the metal 
of the core itself. 


SHOCK-RESISTANT CORES 


Thus the cores of the teeth and 
the body of the gear remain 
ductile and shock-resistant while 
the teeth are given an increase in 
service life of over 50%. 


ASK FOR QUOTATION 


It will pay you to try a set of 
these gears on your toughest job. 
Send your specifications today 
for quotation. 


Brap Foote 
Gear WorkKS, INC. 


1309 South Cicero Avenue « Cicero 50, Illinois 
Bishop 2-1070 + Olympic 2-7700 + TWX: CIC-2856-U 


subsidiaries 
AMERICAN GEAR & MFG. CO. PITTSBURGH GEAR COMPANY 


Phone: Lemont 920 
Lemont, lilinois 


Phone: SPauiding 1-4600 
Pittsburgh 25, Pennsylvania 
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any desired length are also ayail. 
able. Made by Avalon Machine 
Products Inc., 2535 E. Imperia] 
Highway, Los Angeles 59, Calif 
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Vibration Meter 


Model 1 Vibraswitch serves as 
a protective monitoring switch to 
actuate a warning or shut dow 
a machine when vibration exceeds 
the normal value by a preadjusted 
amount. Flat response from 0 to 
200 cycles per second assures re 
liable operation on almost all types 
of rotating or vibrating equipment. 


An internal single-pole, double 
throw manually resettable switch 
may be used to control circuits at 
up to 5 amp with vibratory dis 
placement increases of as low %& 
10 mu in. at 12,000 rpm. Accelera- 
tion range is 0 to 2 g or 0 to 80 
ips? with an accuracy of +0.0 
g. Device measures 51, x 24%, x2): 
in.; weighs 19 oz. Model 2 is less 
sensitive and has a range of 0 t0 
20 g. Made by Beta Corp., P. 0: 
Box 8625, Richmond 26, Va. 
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Push-On Connectors 


Faston push-on connectors a 
now available in flag «iesign {0 
fast right-angle connection. 
nectors have triple spring acto 
and wide wiping contact. The 
push onto mating tab receptacle 
to make connection. Th: connector 
will accommodate all insulations 
normally used in automotive and 
appliance wiring in sizes No. 1 
through 12 AWG. Connectors af 
furnished in strip form wound ” 
reels for use on A-MP automat 
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dom vhere Weidenmiller Cookie Cutters 
‘Df “gained close precision 
ment § and Climinated roller skewing” by installing 

















“Very fine service — trouble-free!” 


—reports Edw. Weidenmiller Co., Inc., 
Morton Grove, Ill., after about 2 years’ 
experience with Orange Cage Type Needle 
Bearings in their wire cut machines used 
for cutting cookies on 32” and 38” con- 


uble- tinuous baking ovens. In all, 20 bearings 
witch are used in the feed rolls, drive shafts and 
its at all mechanical wire cut mechanism parts. 
y dis- Closeup view at left shows unusual combi- 
Ww as nation of operating conditions met by 
elera- bearings, due to design requirements. 
o 800 
+0.05 
x 2h 
on _ ORANGE Cage Design assures alignment of rollers—prevents skewing 
P. 0 2 
sin i Note that square-end rollers are held in 
= True running in any position alignment by pockets of a free-floating, 
- +. Vertical, tilted, horizontal land-riding cage made of anti-friction, non- 
or overhung applications ferrous metal. This cage merely guides— 
does not wear on rollers. 
3 are 
a for aan = Z his feature has placed Orange Cage Type Needle 
Cor po, f Bearings in many applications hitherto unsuited to 
ag ¢ ~ 7 conventional types—providing high load capacity in small 
The} . space, with exceptionally smooth, quiet, trouble-free opera- 
tacle = ; tion under practically every type of running condition. 
sector Stock sizes from 44” to 8” shaft dia., fully interchangeable 
oat mal with standard heavy-duty needle bearings. Write for 
: 2 : oT Engineering Data Folder. 
9, 1 
s are 
\d on 
matic 
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This bolt-making machine transfer arm used to 
be machined from a forging of SAE 1045 steel. 
A grooved pin had to be machined and assem- 
bled in the forging, and many milling, broaching 
and drilling operations were needed to produce 
the finished part. 

Then a Crucible ACCUMET® precision in- 
vestment casting was tried, using heat-treated 
SAE 4140. Results? All machining except drill- 
ing and tapping two small holes was eliminated. 
Better functional design was achieved. A more 
rugged grade of steel was used. The manufac- 
turer’s machine tools were released for other jobs. 

This is just one example of hundreds where 
ACCUMET precision investment castings have 


LESS MACHINING BETTER DESIGN LOWER COST 


HIGHER QUALITY MATERIAL 


thanks to ACCUMET PRECISION INVESTMENT CASTINGS 


improved the design, function and performance 
of a component part — with a reduction in cost. 
It was possible because Crucible — the country’s 
leading specialty steel producer —has_ estab- 
lished standards of quality and uniformity in its 
ACCUMET precision castings that are unsur- 
passed in the industry. 

So look over the machining operations in your 
shop. Take an extra long look at the intricate 
products that are made in many costly, high- 
reject steps. Then let your Crucible repre- 
sentative show you how ACCUMET precision 
investment castings can help you lower costs and 
improve your products. 


first name in special purpose steels 





steelmating  ACCUMET INVESTMENT CASTINGS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL * REZISTAL STAINLESS * MAX-EL * ALLOY * SPECIAL PURPOSE sTEELS 
Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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machines. Terminal can be crimped 


Marine Products Inc., 2100 Paxton 
St. Harrisburg, Pa. 
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Integral Gear Reducers 


Miniature precision integral 
planetary gear reducers convert 
high speed into high torque. Con- 
tinuous long term output torque 
ranges up to 1000 oz-in., which, for 
short periods of time, may be 
greatly exceeded. Basic unit diam- 


eter is 144 in. with a *,-in. diam- 





















eter input shaft and a ,5,-in. diam- 
eter output shaft. Lengths vary 
with Standard speed reduction ra- 
-Uos of 18.78:1 to 21,808:1. Made 
by Globe Industries Inc., 1784 Stan- 
ley Ave., Dayton 4, O. 


For more data circle MD-109, Page 227 





Bonding Metals 


_ Percoloy line of aluminum bond- 
ing metals includes three materials 
for high, medium and low-temper- 
ature bonding of aluminum alloys. 
nee. applied with a soldering 

m and without flux, is used at 
temperatures of 375 to 500 F. 
Special preparation and cleaning 

(Continued on Page 274) 
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oncenter strip. Made by Aircraft- 


Here’s A Device Every Machinery 
Designer Should Know About... 








Please send immediately a free copy of your new Worm Gear Jack Brochure. 











It’s the Duff-Norton Worm Gear Jack, successfully 
used by many machine builders as a component of 
equipment for precise, positive control of linear motion, 
applying pressure, resisting impact. Two or more of 
these jacks can be connected by means of shafting and 
mitre gear boxes or any power-operated positive control 
system so that jacks always raise or lower under equal 
or unequal loads in perfect unison. Capacities range 
from 5 to 35 tons with any raise up to 25 inches; worm 
gear ratios, 8:1 to 96:1; turn of worm for each 
l-inch raise, 10 to 180; available in either Acme or 
square threads. Screw ends and tops are available in 
many types and can be readily adapted to your specific 
requirements. 

Thousands of these jacks are in use today for table 
adjusting—machine adjusting—rolling mill adjusting— 
raising and lowering conveyors, machine beds, molds 
and dies, furnace lids, loading platforms, loading racks, 
gates, hinged mechanisms, arbor presses—adjusting 
electrodes—overhead crane servicing. 

Duff-Norton Worm Gear Jacks are available in 6 
standard sizes or to your special order. For complete 
specifications and detailed drawings, send for your 
free copy of a special brochure. 


DUFF-NORTON 


THE DUFF-NORTON MANUFACTURING CO. 
DEPARTMENT MD 
P.O. Box 1889, Pittsburgh 30, Pa. 


Manufacturing Company 

















NAME 4 — TITLE 
COMPANY 7 PHONE 
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today and tomorrow 


a The assurance that copper is in abundant supply and can be used without 
restrictions is the “go ahead” for industry. You can now rate PERFORMANCE 
over AVAILABILITY when choosing materials. By using copper and its alloys, 


brass and bronze, your product is easier to fabricate, better and more durable. 


We can get more copper than we now have. Although industry and gov- 
ernment have been consuming more copper than in any previous 
peacetime period, production has kept pace with this increased 
demand. And producers are not working at full capacity! 


More copper keeps on coming. Eleven major new projects in the U. S. will start 
producing in the next 3 years. These mines will add 250,000 tons to 
our annual production—more than 4% of all the domestic copper 
mined during 1953. In addition, recent improvements in mining 
techniques now make it possible to obtain copper from ores con- 
sidered commercially unworkable in the past. 


Copper is virtually indestructible. At least 3 out of every 4 pounds of cop- 
per used in today’s products, when scrapped, can be re-used in the 
future. Every day we are adding to our “copper capital”. The more 


copper we use . . . the more we have! 


Copper or its alloys provide these advantages... 


avila Vly, 


Easy to machine, form, draw, Welds readily - - - excellent 


Best conductor of electricity Does not rust...high Best heat transfer agent 
for soldering and brazing: 


commercially available. corrosion resistance. of all commercial metals. stamp, poiish, plate, etc. 
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1952 


Source—American Bureau of Metal Statistics Year Book 1953 


Copper has a new ability to serve you. Many of your prob- 
lems are being solved in the laboratories of the copper and brass 
industry. Whether it’s a new alloy, a different temper or a special 
property . . . copper can help you develop new ideas. Copper 
‘an bring old methods up to date. Call a supplier of copper and 
brass and convert your thoughts to action! 


n 
Research Association 
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sk “Copper ...is fortunately available in 
ample supply to meet any foreseeable 


demand” 


Foreword, U. S. Dept. of Commerce 
B.D.S.A. Copper Quarterly, August 1954 


For information about U. S. copper sup- 
plies including free copies of this Gov- 
ernment report and the new booklet, 
“Copper .. . Today and Tomorrow”, send 
attached coupon to: 


Copper & Brass Research Assn.,Dpt. J 
420 Lexington Ave., New York 17, N. Y. 


COMPANY . 
ADDRESS 





you can banish fear of 
component failure 





The components you purchase lose their 
identity once they are incorporated in a 
manufactured unit. To the ultimate consumer, 
they become your product. The failure of 
the smallest component can, and often does, 
determine the acceptance for and the 
success of your unit! That's why _ 
Relays are built to exceed ‘specs’ 
military or industrial. 

AEMCO Relays are available in a wide 
variety of spring and coil combinations, 
operating potentials and contact ratings... 

open, can type, plug-in base, hermetically 
sealed units . . . midgets, dual purpose, 
delayed make or break, circuit control, 
current and potential relays. 
Chances are that we are supplying relays 
to one of your competitors . . . one of the 
hundreds of AEMCO stock models or one 
built to meet special needs and mounting 
requirements. We would like to help under- 
write the success of your equipment 
by furnishing dependable AEMCO Relays 
to exceed your most exacting requirements! 











The Services of our Engineering Department 
aEME ore Available on Request, WRITE TODAY! 


Autrunath Lueclete MFG. CO. 








64 STATE STREET - MANKATO, MINN. 
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(Continued from Pave 271) 





of the parent metal surface is not 
required. Brabond can be used on 
all S or S-T aluminum and ppro- 
duces bonds, by the brazing meth. 
od, at temperatures of 500 to 8 
F. Welbond, applied by welding at 
temperatures of 800 to 1050 F, can 
be used at the solution heat-treat 
temperature of the parent metal, 
permitting simultaneous bonding 
and heat treating. Presently made 
in bar shape, the three materials 
will be available in a variety of 
shapes and forms. Made by Pre. 
cision Electronic Research (Co, 
Glendora, Calif. 


-For more data circle MD-110, Page 227 


Formed Wire 


Wire in intricate shapes such 
as those illustrated is available in 
sizes ranging from 0.015 to 3/16- 
in. cross-section. Tolerances can 
be held to 0.0002-in., and surface 





690 AOY 


\9hb FZ 
VO” 


finishes from 8 to 15 mu in. cad 
be produced. Hardness up to 
Rockwell C 50 can be obtained in 
metals which can be work-hard- 
ened. Materials utilized are stain- 
less steel, phosphor bronze, Has- 
telloy C and music wire. Wire 
forms are furnished in lengths on 
snools, reels or in individual coils. 
Made by Heli-Coil Corp., Shelter 
Rock Rd., Danbury, Conn. 


For more data circle MD-111, Page 227 


High-Voltage Connector 


High-voltage capacity of si 
contact connector is made possible 
by deep wells which surround the 
individual contacts and _prevett 
arcing. The make-first, break-last 
center contact permits use as ¢ 
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24-hour protection for 





REMOVES 
DIRT HERE 


REMOVES 
WATER HERE 





DRAINS 
AUTOMATICALLY 


The new Norgren Automatic-Drain Filter operates automatically, whether 


air pressure is constant or fluctuating, whether or not air is flowing...assuring 


clean, dry air, without attention. 


Performance data prove its efficiency — 100% water removal up to flow 
of 20 cfm, 90% at flow of 30 cfm...at 80 psi primary pressure and flow of 35 cfm 


pressure drop across filter is only | psi. 


WRITE FOR NEW CATALOG NO. 600 


0 


3442 So. Elati, Englewood, Colo. 


New transparent replace- 
able bow! filter for %” and 
1” air lines. Water capacity 
1 pint. 


Permanent metal bow! filter 
types for %" to 12” air 
lines. 


Replaceable metal bow! fil- 
ter for “4”, %" and 2" air 
lines. 


New, small replaceable 
bowl filter for %4'’ and %” 
air lines. Screw type clamp 
ring. 


PIONEER AND LEADER IN OIL FOG LUBRICATION FOR 26 YEARS 


VALVES e FILTERS © REGULATORS ¢ LUBRICATORS « HOSE ASSEMBLIES 
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Make tomorrow's push-button ideas work today 


with a matched to the machine’ 
Stearns Magnetic Clutch 


When you design new installations, modernize or adapt 
existing machines, be sure of matched power transmis- 
sion control with a Stearns magnetic clutch. Stearns 
not only builds a wide variety of standard clutches and 
clutch-brake combinations, but also designs special 
custom-built units tailored exactly to your specific 


installation. 


Make these Stearns advantages 
work for you: 


WIDE TORQUE RANGE — .4 to 30,000 Ib 
foot. Handles everything from busi- 
ness machines to steel mill screw- 
downs and ball and rod mill drives. 
LOW INERTIA — Fast, smooth engage- 
ment and disengagement. 

VARIED DESIGNS — Through shaft, 
split shaft, duplex for two speed 
drives, forward and reverse drives 
— other special applications. 
WIDELY ADAPTABLE — DC or AC with 
rectifier. Automatic and remote con- 
trol. Operates in conjunction with 
electronic circuits. 

QUIET AND COOL RUNNING—Generous 
friction surface area and low unit 
pressure. 

EASY WEAR ADJUSTMENT — Provides 
longer clutch life. 

SIMPLE INSTALLATION — no toggles, 
yokes, shifters. 


For full details consult your 1954 Sweet’s Product 


| 





| 
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ground. Center key and one-way 
contact arrangement provide posi- 
tive polarization. Breakdown at 
sea level is 4000 v rms, and cur- 
rent rating is 5 amp. Unit has 
8-0oz maximum disengagement 
force per contact without sacrific 
of millivolt drop. Two vibration 
rings with matching detent action 
prevent accidental disconnection. 
Hoods are available in either alv- 
minum, with cable clamp, or mold- 
ed insulating material. Insulating 
materials available for body of 
connector are mineral-filled mela- 
mine, plaskon - reinforced alkyd 
and orlon-filled diallyl phthalate. 
Available from DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y. 
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Hydraulic Pumps 


Four pressure-balanced, oil-hy- 
draulic, gear-type pumps for 
heavy-duty use deliver 40, 50, 60 
and 70 gpm at 1200 rpm and oper- 
ate at pressures up to 1500 psi. 
Pressure-balanced wear plates 
keep volumetric efficiency high at 
all pressures, and balanced hy- 
draulic forces on both sides of the 
plates maintain fixed clearances 


Design file or write for Bulletin 226-C-3. 
1088 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4% MAGNETS 


STEARNS MAGNETIC, INC., 692 S. 28th St., Milwaukee 46, Wis. 
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Here’s motor superiority 
you can see 


ag lt takes 6 bolts 


not just 4 
to give full bearing 
protection 





















a- 
d 
e. HE TWO EXTRA BOLTs in the end 
” housing of every Allis-Chalmers 
8 ball bearing motor are the proof of 






extra protection against bearing fail- 
ure. These are the bolts that hold 
the bearing cap tightly in place 
against the inner face of the bearing 
enclosure. This cap, with its close 
running clearances, keeps grease 
from the interior of the motor .. . 
retains an ample supply within the 
bearing enclosure . . . protects the 
grease and the bearing against con- 
tamination from dirt and moisture. 

At the outer side of the bearing, 
double labyrinth seals keep grease 
in, also keep dirt out. What’s more, 
large grease reservoirs act as addi- 
tional dirt traps. 

Result? Allis-Chalmers motors 
pay off in longer, trouble-free bear- 
Ing life, lower motor maintenance. 
























ALLIS-CHALMERS -NORWOOD WKS. 





Get all the facts . . . judge for yourself — Compare Allis-Chalmers motors 
with other motors. Get the six-bolt construction that gives you complete bear- 
ing protection. For proof, see your Allis-Chalmers Office or Authorized 
Distributor, or write — Allis-Chalmers, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 
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zee. -ELIMINATED 


INVESTMENT CASTINGS 


by ARWOOD’S new 
Homocarb Furnace 


Design Engineers 


Arwood can investment cast intricate or simple shapes at 
great savings with the assurance of uniform quality — 
we can guarantee castings with .001” maximum decarburization. 


Here’s How 


Arwood has pioneered again — recognizing the need for 
investment castings free of surface decarburization, Arwood 
is the first foundry to install carbon restoration equipment. 


NOW... 


Carbon and low alloy steel investment castings 
(1020, 3120, 4130, 4140 and 6150) can now meet 
all of the most exact metallurgical specifications — 
including freedom from surface decarburizaiion. 


Let ARWOOD help YOU 


solve your production problem — improve your design — 
save you money — assure you top quality. Drop us a line to 
have one of our field engineers call on you and discuss 
how you can best utilize Arwood investment castings. 








ASK FOR OUR BOOKLET 
“ALLOY SELECTION AND DESIGN FOR PRECISION CASTING” 


ARWOOD 


PRECISION CASTING Corp. — 
78 WASHINGTON STREET i’KLYN 1, N. Y. 


Plants: Brooklyn N. Y. ‘Groton, Conn. : Tilton, N.H. “Los Angeles, Cal. 
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between the plates and the gear 
faces. Pumps have heavy-duty 
bearings, rotary shaft seals which 
eliminate pressure bleed-back, and 
antifriction roller bearings which 
carry a 1500-psi load at speeds up 
to 2000 rpm. Unidirectional rota- 
tion provides large inlet ports, and 
port connections are made by 
means of new SAE split flange 
hose connections. Made by Hydre- 
co Div., New York Air Brake Co., 


1100 E. 222nd St., Cleveland 17, O. 
For more data circle MD-113, Page 227 


Phosphatizing Compound 


Fosbond 61 produces fine crys- 
talline phosphate coating which 
serves as base for subsequent 
painting operations. Developed for 
use on zinc surfaces, product can 
also be used on steel. Compound 
is applied by spraying after mixing 
with water. Formulated by Penn- 
sylvania Salt Mfg. Co., 1000 Wid- 
ener Bldg., Philadelphia 7, Pa. 
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Plastic Pump 


Six different standard mount- 
ing brackets are available for the 
plastic Bro-Jo centrifugal circulat- 
ing pump. It is molded from phe- 
nolic thermosetting plastic that re- 
sists chemical action and has low 
water absorption. Horizontal or 
vertical mounting and standard 
motors ranging from 1/80 to 1/10- 
hp adapt it to a wide range of ap- 
plications. Hard gloss finish on 








‘MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 





MUELLER BRASS CO. 


forgings help insure 













dependable operatio 







of aircraft pressure 







warning instruments 
































A specially designed housing, accurately forged to customer specifications 
by Mueller Brass Co., seals in the diaphragm of the pressure warning unit 
manufactured by Eclipse-Pioneer Division of Bendix Aviation Corporatio 
in Teterboro, New Jersey. The unit, designed for installation in fuel, oil 
water or alcohol lines of modern aircraft is a highly sensitive instrument that 
instantly warns the pilot or flight engineer of any unusually high or lo 
fluid pressures. 


All Mueller Brass Co. forgings have a dense, close-grained structure with a 
high tensile strength. Weight savings up to 40% are possible in the desig 
of parts because of the close tolerances to which they can be produced. Less 
scrap and longer tool life result from the easy machinability of forged parts 
Mueller Brass Co. is completely equipped to design parts for your products 
specify alloys (including special alloys developed by our metallurgists) 
forge, machine, finish and plate the parts and perform all necessary assembl 
operations. Write today for our free illustrated 32-page forgings catalog an 
complete information about MBCo forged parts for your products. 
™ 
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let us take a closer look at your 


“ditticult 1 


Problems Involving Tubing and 
Solids of Special Alloys and 
Cross-Sections 


Two years of experimental production and several thou- 
sand tons of finished extruded products have given B&W 
a background that can be put to work for you in solving 
problems involving tubing and solids of special alloys 
and cross-sections. Through extrusion at B&W: 





1. New alloys have become commercially available as 
seamless tubing. These include certain proprietary 
alloys and various types of ferrous alloys which 
have been known previously as non-pierceable ma- 
terials. 


. Tubing having certain special shaped cross-sections 
has been produced commercially. This includes 
tubing having inside and outside shapes which are 
independent of each other, such as circular OD—fin- 
ned—ID, used to solve special heat transfer problems. 


3. Solids having special 
shaped cross-sections 
have been produced. 
These include shapes 


>» 
difficult or impossi- \ @ 
ble to produce as ~ 
rolled sections. 


Through extrusion, Mr. Tubes, your local B&W 
Tubing Representative, has helped others to 
solve problems involving tubing and solids of 
— materials and cross-sections. Call on him 
if you have such problems; chances are he will 
be able to help you. 


A-4031X) 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.— Seamless Tubing; Welded Stainless Steel Tubing 
Alliance, Ohio—Welded Carbon Steel Tubing 
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impeller and housing minimizes 
fluid friction and prevents build-up 
of hard water alkalines on the 
surfaces. Made by Broadbent- 
Johnston Inc., 6845 E. Compton 
Blvd., Compton 2, Calif. 
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Card Receptacles 











Printed circuit card receptacles 
series 3370 and 3371 have enclosed 
contact tips and positive pressure- 
type contacts. Receptacles accom- 
modate up to 15 gold over silver- 
plated beryllium copper contacts. 








Wire connector tabs in series 3370 
can extend from the right, left, or 
bottom of connector, or, in com- 
binations of right, left, and bot- 
tom as desired. Series 3371 is 
available with terminals at bot- 
tom only for card thickness of 
1/16, 4 and 14-in., mounting by 
means of quick solder dip assem- 
bly. Nominal creep is 3/32-in. 
Standard connector is 3700 green 
mineral-filled phenolic; other ma- 
terials are available. Made by 
H. H. Buggie Inc., 726 Stanton 
St., Toledo 4, O. 


For more data circle MD-116, Page 227 











Photosensitive Aluminum 





Metalphoto anodized aluminum 
Sheets are used to produce such 
Products as nameplates, dial and 
watch faces, wiring diagrams, in- 
structions, and instrument scales. 
Photographs and drawings are 
Processed from ordinary photo- 
8Taphic negatives using standard 

(Continued on Page 284), 
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“SHOT DO 





to SAFETY 
_.. at SUPERSONIC speed 



















total production costs plus lighter weight with extra strength 
— economies and design achievements not possible with 
@) other production methods. 
For a new approach — the logical solution to your small 
parts problems — consult HITCHINER. Send us your drawings. 
Mail the coupon for informative FREE booklet. 


And at sound-barrier speeds, a revolutionary bailout 
technique had to be found. 


By combining several small parts into one . 
complex shapes without added machining . . . 
lium copper and stainless steel, HITCHINER achieved lower 








HITCHINER 


Manufacturing Co., Inc. 
MILFORD, 
NEW HAMPSHIRE 
SEE US AT BOOTH 
# 1412 


NATIONAL METAL 
EXPOSITION 


NOV. 1-5, CHICAGO 





. with the help of 
PRECISION 
INVESTMENT CASTINGS 


‘ty HITCHINER 











So engineers at Stanley Aviation Corp., Buffalo, N.Y., 
developed an ejection seat that catapults downward from 
a plane and a lap belt that automatically opens, frees 


the airman from the seat, and sequences parachute opening. 


The cost of this priceless protection? Slashed to a minimum 
through the use of HITCHINER Precision Investment Castings. 








. . building 
using beryl- 


HITCHINER MFG. CO., INC. 

MILFORD 8, NEW HAMPSHIRE 

() Send me your FREE booklet, “‘investment For Economy 
. . . For Performance.” 

(] Have your representative call. 


MY NAME 
POSITION 
CO. NAME 
CO. ADDRESS 
city ZONE 














STATE 





& 
t 
t 
’ 
' 
: 
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DRAWING BRASS 


Pet 














THESE HARDWARE ITEMS are made by Adams Rite Mfg. Co., Glendale, Cal., and National Lock Co. and Ameri- 
can Cabinet Hardware Co., both of Rockford, Ill. They are typical of the stamped, drawn and pressed products 


Formbrite—Anaconda’s new drawing brass—polishes up to 


Superfine grain makes Formbrite harder, stronger, springier and more scratch-resistant 


ingly sharp die impressions. ..resists ordinary drawing brass. Special 
scratching in handling . . . plates methods of rolling and a nealing 
beautifully . . . gives a more lustrous produce a grain structure so tine that 
finish...” often a simple color buff ill bring 


, , it to a bright. lustrous finish. 
Yet Formbrite* costs no more than S 


75X magnification of 75X magnification of the ordinary drawing brasses these Formbrite is also harder. stiffer. 

ordinary drawing brass. superfine-grain Formbrite. manufacturers had been using. In _ springier and more scratch-resistant 

fact, Formbrite very often saves  . . . yet it is surprisingly ductile. 

more than the metal itself costs. readily stamped, formed, drawn and 
embossed. 


Why Formbrite is easier to use Typical case 


Here is what enthusiastic manufac- 
turers of stamped and drawn brass 
products say about Formbrite: 


.. cuts our polishing costs up to 
50% . . . eliminates some finishing Note Formbrite’s superfine grain The Adams Rite Mfg. Co. m ikes the 
operations entirely . .. gives amaz- _ structure. Compare it with that of flush pull shown in the uppet right 
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successfully made of Formbrite. Others include: lipstick holders, fishing lures, automobile hubcaps, gage 
ases, trophy nameplates, pen caps, etc. (Doorknob parts in lower left illustration have been chromium plated. ) 


10% faster...costs no more than ordinary drawing brass 


illustration above. For this and many 
other bui Iding hardware items, they 
use Formbrite. They report: 


“Formbrite increases surface hard- 
hess and rigidity of the part . . .elimi- 
tates several polishing operations 
and reduces over-all costs. Our flush 
pull definitely has been improved in 


quality,” 
Free sample 


Formbrite is available in sheet, strip 
and coils—in all commercial widths 
and Sages. Millions of pounds of this 
‘uperior drawing brass have been 
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made, sold and satisfactorily fabri- 
cated. 

Want more proof? Mail the cou- 
pon and we'll send you a sample of 
Formbrite. Try it in your polishing FINE-GRAIN DRAWING BRASS 
room. See for yourself how quickly AN ANACONDA® PRODUCT 
and easily Formbrite polishes. ss © MADE BY THE AMERICAN BRASS COMPANY 
*Reg. U. S. Pat. Off. 
pm ee e e ee———-——--— FREE SAMPLE —Test Formbrite Yourself — 
The American Brass Company, Waterbury 20, Connecticut 
(In Canada: Anaconda American Brass Ltd., New Toronto, Ont.) 


(] Send me a free sample of Formbrite to try in my polishing room. 
[) Send me Publication B-39, giving forming and finishing suggestions. 
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technique and solutions. The image 
| is permanently sealed within the 
hard anodized layer which pro- 
tects the dimensionally stable 
image from abrasion, heat up to 
1000 F and acids, salts and organic 
solvents. The 50 billion pores in 
each square inch of the anodized 
layer permit almost limitless de- 
tail in the legend to be reproduced. 
Sheets are 0.020-in. thick and are 
available in 4 x 5, 8 x 10, and 10x 
12-in. sizes. Made by Metalphoto 
| Corp., 2903 E. 79th St., Cleveland 
3, O. 
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CASTINGS 
on the lighter side 


by WELLMAN ae 








Speed Reducer 


Multi-Mount Reducer, available 
in a wide range of horsepower rat- 
ings and speeds, can be mounted, 
without modification, on floor, wall 
or ceiling, with the shaft hori- 
zontal or vertical. Helical gear 
system provides high efficiency, 
maximum resistance to wear and 
shock loads, long life and quiet 
operation. Offset shafts permit 
compact designs and use of large 
gear diameters and require few 
parts. Driveshaft with widely 









To be sure you're getting top quality lightweight 





castings, you'll want to look for: 











® An experienced manufacturer , , 
spaced bearings is located close 
® A product made under close laboratory control to the mounting feet, which min- 
and inspection imizes torsional stress on the 
. , , ‘ mounting base. Neoprene oil seals 
e Competent designers to work with your engineers a yee. 
. . ad are used on the gear case, and a 
A wide range of specifications and alloys labyrinth seal is mounted on the 
t input shaft. Gears run in an oil 






Production economy 





bath sealed in the gear case which 
acts as the oil reservoir. Made 


, ‘ , by Sterling Electric Motors Inc. 
And y ron’t hav i ore 
nd you won't have to look far just get in touch 5401 Telegraph Rd., Los Angeles 


with WELLMAN. We'll be happy to help you with your 22. Calif 


castings problem. For more data circle MD-118, Page 227 













Catalog No. 53 on request. 


oe eae 


Well-Cast MAGNESIUM, ALUMINUM AND BRONZE CASTINGS 


Welb Made, WOOD AND METAL PATTERNS 


THE WELLMAN BRONZE & ALUMINUM CO. 
Dept. 10, 12800 Shaker Boulevard Cleveland 20, Ohio 
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of felt seals 
them packed 
tubes, The 
©S this say 
bling, ay 
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A filter was re-designed to use 
fused edges, so that it could be 
delivered to the customer's plant 
ready for assembly without any 
processing whatever. 











LET US QUOTE ON YOUR TUBING AND 


FABRICATION NEEDS 


Avon single wall steel tubing is success- 
fully supplanting other types of tubing— 
aluminum, brass, copper and steel— with 
equal or improved reliability of perform- 
ance and really impressive economies. 
Avon's High Frequency Fusionweld proc- 
ess insures a much higher degree of ten- 
sile strength, greater resistance to vibra- 
tion and fatigue, extreme ductility, plus 
greatly improved adaptability in produc- 
ing the most critical tube forms—such as 
beading, bending, coiling, flaring, knurl- 
ing, slotting, piercing, threading and 
swaging without cracking, tearing or 
checking. 

Avon engineers can assist with your tub- 
ing problems and 
help point up cost 
saving advantages. 
Why not write, or 
submit blueprints for 
quotations. 


%e" O.D. to ¥%," O.D. 
PLAIN OR TERNE COATED 


HIGBIE 


ROCHESTER 





A few of the hundreds 
of Fusionweld Tubing 
applications 


AUTOMOTIVE 
Gas lines & vents 
Brake lines 


Hydraulic window 
& seat lifts 


Chassis tubes 
Radiator overfiow 
Choke controls 
Oil return lines 
Dip stick tubes 
Oiler tubes 


Automatic 
transmission 


FARM 
EQUIPMENT 

Hydraulic lifting 
devices 

Support tubes 

Lubrication lines 

Fuel lines 

Fuel manifolds 


ELECTRICAL 

Ceiling & wall 
fixtures 

Lamp tubes 

Heating elements 


Radio & TV 
antennae 


VON TUBE DIVISION 


HEATING 

Oil & gas lines 
Pilot tubes 

Flash tubes 

Pot burner tubes 
Fuel tank tubes 


oYys— 
FURNITURE 
Scooter & wagon 
parts 
Spacers 
Pop guns 
Bicycle parts 
Mechanical toys 
Tables 
Chairs 
Swings 
Baby carriages, 


cribs, car seats 
and beds 


MISCEL- 
LANEOUS 

Umbrellas 

Display boards 

Panels 

Conveyor oil lines 


Lawn mower 
handles 


Hose reels 


MANUFACTURING CO. 


MICHIGAN 


ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Drafting Templates 


Templates made of cellulose 
acetate are offered in three styles. 
Wing nut template, illustrated, is 
5% x 8% x 0.020-in. thick. Of 
identical dimensions, thumbscrew 





Wins Nuts By Necson TemPcate Co 
80x 2708 HOLLYWOOD , CAL 
0 ~~ € rS 
\ 


| “ey & 


template has nine sizes of plain 
thumbscrews and seven sizes of 
shoulder type screws. Template 
for handknobs, with nine sizes, 
measures 814 x 11 x 0.025-in. 
thick. Made by Nelson Template 
Co., P. O. Box 2708, Hollywood 28, 
Calif. 
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Reproduction Machine 


Copyflex series 100 tabletop re 
production machine operates a 
speed of 12 fpm. It makes positive 
copies directly from the original of 
anything drawn, written, printed 
or typed on ordinary translucent 
paper. Maximum printing width 
is 11 in. Self-contained copying 
unit, based on the diazo direct copy 
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THREE GEARS T0 A 


HANDFUL! 





THREE GEARS TO A 
CARLOAD! _ 


screw 













lain 


. Gears for every purpose—from small pre- 

late cision gears to gears weighing 40 tons each 

| 28 or more. Whatever your needs, ILLINOIS 
GEAR makes the finest gears in the largest 
and best equipped plants to be found any- 
where. 


Whether you need three gears to the hand- 
re- ful or three gears to the carload, get them 
at at ILLINOIS GEAR. 


tive 
| of 


ent 
dth 


py: Look for this mark Gui> . . . the symbol on finer gears 


(fondle te foapose ..» one gear or 10,000 or more 









METAL POWDERS 
METAL PIGMENTS 
METAL ABRASIVES 


POWDER METALLURGY? 


... Because Powder Metallurgy is the speedy, lower 
cost method of producing small metal parts with 
blueprint accuracy. 

Parts may be so pressed and sintered that costly 
machining is eliminated or simplified. 

Parts can be produced to close tolerances. For 
economy, there's no wasted metal—since die over- 
flow powder can be reused. 


MD METAL POWDERS? 


. . » Because nearly forty years of research and 
manufacturing experience have made MD the 
Headquarters for highest quality Metal Powders 
for every Powder Metallurgy need. 


MD, the pioneer Metal Powder producer, is the 
only company producing a complete line of powders 
of such a wide range of metals and their alloys. 








METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B, New Jersey 


Plants: 
Elizabeth, N. J.; Manchester, N. H.; 
Berkeley, Calif.; Emeryville, Calif. 


SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 


Engineering Equipment 
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ing process, does not require ex- 
haust ducts, darkroom facilities, 


| special lighting or plumbing. Made 
| by Charles Bruning Co. Inc., 4700 
| Montrose Ave., Chicago 41, IIl. 


For more data circle MD-120, Page 227 


| Inspection Light 


Inspection light combines light 
source, probe and mirror for 
around-corner inspection. Probe di- 


~‘ 


© 


rects light beam to its tip. Probe 
and 1!.4x mirror, used together, 
permit inspection of difficult-to- 
reach areas. Made by Moore Mfg. 
Co., Swedesboro, N. J. 


For more data circle MD-121, Page 227 


Conversion Slide Rule 


Conversions involving energy, 
linear and liquid measurement and 


| other factors are made with one 





| 
| 


setting of 903-T conversion rule. 
One side of the rule has 64 linear, 
liquid, energy and miscellaneous 
factors; reverse side has a complete 
trigonometric scale arrangement 
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COMBINE 


relay and stepping switch functions se 


this one 


cam-type relay 


specify contact sequences to fit the job 


HELPFUL ENGINEERING INFORMATION 


tams—Each revolution is divided into 36 steps— 
any combination of “operated” or “unoperated” 
tervals can be provided. 


tontact arrangement—Maximum of 6 contact 
springs for each of the 3 cams. 


spring contacts—Twin contacts. Will make and 
break load of 150 watts (maximum 3 amps.). “Heavy- 
duty" single contacts can be provided for higher 
wattage. 


speed of operation—Self-interrupted, 65 steps 
Per second; impulse-controlled, 35 steps per second. 


vibration — Withstands up to 10.5 G. 

shock and acceleration—Up to 25 G. 

ambient temperatures—From —55°C. to +75°C. 
Weight— 14-20 oz. 

slze—3 V," x 27/6" x 12542". 
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You plan this relay’s programming . . . for cam-switching . . . for 
alternate on-off operations . . . or as a “‘stepper.’”’ Use it to cut 
space, weight, maintenance costs. Automatic Electric’s “OCS” 
Relay is shock-resistant, compact, versatile, and it simplifies 
engineering — 

cam-switching—Use this rugged unit to replace entire banks of 
relays and switches. You can really count on it to work—perform- 
ance records exceed 250,000,000 high-speed operations! 


alternate on-off operations—Replace delicate latch-in type 
relays with dependable “OCS” units. You can expect excellent 
service even under extreme conditions of shock, vibration, and 
temperature change. 


stepping operations—Stepping is high-speed, accurate and 
dependable. The relay can be driven self-interruptedly to produce 
a time cycle or for “homing.” You can extend the range of your 
present planning with complete facts on this outstanding addition 
to an outstanding line of quality relays—write today to: Auto- 
matic Electric Sales Corporation, 1033 West Van Buren Street, 
Chicago 7, Illinois. In Canada: Automatic Electric Sales (Canada) 
Ltd., Toronto. Offices in principal cities. 


RELAYS SWITCHES 


PRODUCTS OF THE INDUSTRIAL DEPARTMENT OF 


AUTOMATIC <> ELECTRIC 
CHICAGO 





SHENANGD gre? 


CASTINGS 


= 


». KEY TO SAVINGS 


“= Precision-machined by Shenango for paper 
making machinery are these two centrifugally 
cast bronze wire stretch rolls with Meehanite 
Metal heads and steel journals. Note the spe- 
cial water slinger ring on the head. 


Shenango methods 
eee Your gain! 


HOWN above are 15-foot wire 
stretch rolls of centrifugally 
cast bronze. From end to end, in- 
side and out, these and all Shenan- 
go centrifugal castings are uniform 
in high quality. 

The carefully controlled centrif- 
ugal casting process developed by 
Shenango assures exceptionally 
fine pressure-dense grain and free- 
dom from costly imperfections. For 
you, these features mean trouble- 
free performance and wear resist- 
ance, minimum maintenance, and 


COPPER, TIN, LEAD, ZINC BRONZES - 
ALUMINUM AND MANGANESE BRONZES - 


the ability to withstand abnormal 
loads and speeds. Yes, increased 
savings from every angle. 


Shenango is prepared to supply 
either rough castings, semi-ma- 
chined or precision-finished parts 
and assemblies in either ferrous 
or nonferrous metals. For further 
information and data on meeting 
specific needs, write to. . 


SHENANGO-PENN MOLD COMPANY 
Centrifugal Castings Division 
Dover, Ohio 
Executive Offices: Pittsburgh, Pa. 


MONEL METAL 


MEEHANITE METAL 


NI-RESIST + 
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consisting ‘of A, K, DF-CF, T, § 
CI, C-D and L scales. Positioning 
a conversion mark opposite an in. 
dex mark sets any conversion on 
the C, D, CF or DF scales without 
moving the slider and without fur. 
ther computation. Automatic con- 
version principle is adaptable to 
any set of specialized conversion 
factors on either pocket-size or 10- 
in. rules. Made of lightweight, 
corrosion-resistant metal alloy with 
white facing, rule is 124 x 14x 
3/32-in. and weighs 234 oz. Made 
by Pickett & Eckel Inc., 1109 §. 
Fremont St., Alhambra, Calif. 


For more data circle MD-122, Page 227 


Drafting Tape 


Available in 17 standard widths 
ranging from },-in. to 3 in., Behr- 
Cat No. 114  pressure-sensitive 
drafting tape holds tracing paper 
or cloth firmly on drafting or draw- 
ing boards, unrolls cleanly and 
leaves no defacing or discoloring 
marks on the drawing paper or 
cloth. It also resists breaking off 
during unrolling and application 
but tears readily across its width. 
Tape is packaged in 60-ft rolls. 
Made by Behr-Manning Corp. 
Troy, N. Y. 


For more data circle MD-123, Page 227 


Portable Vibration Meter 


Model VHA direct-reading port- 
able vibration meter measures dis- 
placement and acceleration. It op- 
erates over a frequency range of 
10 to 250 cycles per second; accel- 
eration ranges of 0 to 0.03, 0 to 
0.10, 0 to 0.30, 0 to 1, 0 to 3, and 
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Fig. 1. Saves $560.00 per frame by converting to welded steel design. 
Weight is cut from 405 to 300 pounds per frame. 


WELDED DESIGN REDUCES VIBRATION 


improves accuracy...while cutting costs 


( a to traditional belief, high speed machinery like 
printing presses can be made from welded steel to run 
faster, smoother with minimum adjustment for register. 


This 75 foot welded steel press built by Goss Printing Press 
Company for a popular magazine pub- 





lisher runs at 11,500 impressions per 
hour compared to 4,000 by the press it HOW TO CREATE 

replaced. Yet, vibration is less, make- COST REDUCTIONS 
ready is faster, fewer adjustments are THROUGH DESIGN 


needed. 
Machine design sheets 


The main top and bottom frames are showing how to simpli- 
all welded steel as are cross members. fy design, save metal and 
The design is clean... easy to maintain, cut costs are available 
simplifying upkeep. a rt iy yg 

an esigners Dy writ- 
Savings in cost are up to 50% com- ing on your letterhead. 


Pared to former cast designs. 











SAVES METAL 
CUTS COST 50% 


When products are properly designed 
in welded steel, cost savings average 
50% because: 


1. Steel is 3 times stronger than gray 
iron. 


2. Steel is 2% times as rigid. 
3. Steel costs a third as much as iron. 


Ultimate savings are limited only 
by the ingenuity of the designer. 


By converting machine components 
from castings to welded steel, greater 
strength and increased rigidity are 
often attained at substantial reduc- 
tions in cost. For example: 


The housing for the folder frame 
on this Goss Printing Press (Figure1) 
previously weighed 405 pounds... 
cost $683.00. The welded steel frame 
weighs only 300 pounds, costs only 
$123.00... an 84% reduction in cost. 


One of two uprights once weighed 
3,903 pounds... cost $1,600.00. The 
weldment now replacing the cast unit 
weighs 3,000 pounds... costs 
$1,070.00... saving $530.00 on each 
upright. 

The folder bed plate (Figure 2) was 
a 4,113-pound casting and cost 
$1,725.00 to cast and machine. The 
welded bed plate now used weighs 
3,000 pounds and costs only $248.00. 


Fig. 2. Saves 1,113 pounds. . . cost 
down 86% on press folder bed plate. 


tmz LINCOLN ELECTRIC company 


DEPT. 1106 ¢« CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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WHERE PRECISE MEASUREMENT 
OF TIME IS ESSENTIAL... 


£awiC& RUNNING TIME METERS 


“The Cramer running time meter plays an extremely impor- 
tant part in our equipment . . . ,” reports R-C Scientific 
Instrument Company, Inc., Playa Del Rey, California, manu- 
facturers of high-quality radiation detection instruments. 


“The Scintiscaler shown here is designed for alpha, 
beta or gamma counting interchangeably. The quoted ac- 
curacy of our apparatus is based on a statistical formula 
for computing the probable error in sampling a series of 
pulses randomly spaced in time. Since no allowance is 
made in this formula for the running time meter, it must be 
extremely accurate. We've used Cramer devices on all our 
scalers for the past five years with no failures.” 


Regardless of application or type of timing device 
needed, it will pay you to consult the R. W. Cramer Com- 
pany, specialists in time control. An experienced engineer- 
ing staff is available to help you solve your timing problems. 


Running time meter with reset fea- 
ture for flush panel mounting. Com- 
plete line of time control equipment 
available to fit every installation 
requirement. 

CONTROL 


S$PLCAAAAS TS ARB TIME 
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0 to 10 g; and peak-to-peak dis. 
placement ranges of 0 to 3, 0 to 10, 
J to 30, VU to 100 and 0 to 300 mils 
full scale. Meter consists princi- 
pally of a barium titanate acceler. 
ometer, which feeds through an 
electronic amplifier and a copper. 
oxide rectifier to an indicating mi- 
croammeter. Operation is not af- 
fected by magnetic fields. Instru- 
ment is powered by hearing aid 
batteries and has a pistol-grip, trig- 
ger type switch. It is 4x 8 x 13% 
in.; weighs about 5 lb. Made by 
Meter and Instrument Dept., Gen- 
eral Electric Co., Schenectady 5, 
N: Y. 
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_ Electronic Symbols Template 





| 
| 
| 


No. 311 template contains JIC 
standard symbols for the indus- 
trial electronic, television, radio 
and electrical fields. Made of 


matte finish plastic, it has milled 
cutouts. Size of template is 5 x7 
x 0.030-in. thick. Made by 
Rapidesign Inc., P. O. Box 592, 
Glendale, Calif. 
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Scaled-Line Meter 
Minerva Curvimeter _ records 
blueprint scale footage on straight 
or curved lines. Three footage 
registers on instrument’s dial face 
record distances of up to 2400 t 
on blueprints scaled 1%-in. to 1 ft; 
1200 ft on prints scaled ‘4-in. © 
1 ft; and 600 ft on drawings 
scaled 14-in. to 1 ft. A small hand 
centered in a dial on the main dial 
moves forward one division with 
each complete revolution of the 
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How Morse equipment helps increase output 


and efficiency 


This complex machine helps railroads 
protect economically their prime asset, 
smooth With Tie Bed 


Scarifier produced by Fairmont Railway 


roadbeds. new 
Motors, Inc.—one operator can dig a 
uniform tiebed ten feet long in a minute 
or less. This uniformity, aside from mak- 
ing the insertion of new ties easier, means 
even support for new ties after tamping, 
and insures mile after mile of level rail. 


The above illustration shows how 
Morse Power Transmission equipment 
lends itself to tough design problems. 
Three Morse Roller Chain Drives and 
two Morse Flexible Coupling Driveshafts 
transmit power smoothly from the motor 
to the three digging drums, and perform 


FOR 24 REASONS, MASTER 


is Ar) Oe 
| stanoano | ) 


ROLLER Guanes | © ENDURANCE 
CHAINS | ROLLER CHAINS 


4 rower CHAIN 
SPROCKETS 


3 SPRING-LOCK 
ROLLER CHAINS 


S OF MECHANICAL POWER 


efficiently, despite shock loading and ab- 
rasive dust from the impacted ballast. 


Additional design advantages include: 
(1) increased drive center distance toler- 
ances, (2) automatic compensation for 
torsional deflexion and misalignment be- 
tween motor driveshaft and digging 
drums, (3) adaptability to the small lateral 
space available. 

Tough and precision-built, these Morse 
products give long, trouble-free service 
life. They require little maintenance, re- 
ducing machine downtime to a minimum. 


Let us show you how Morse products 
can aid in your machine designs. A Morse 
representative is always immediately avail- 
able to help you on your power trans- 


hanes 


5 ATTACHMENT 
CHAINS 


A | 


DOUBLE-PITCH 
ROLLER CHAIN 
DRIVES 


5 TAPER-LOCK 
SPROCKETS 


of railroad tie renewal gangs 


mission needs. Write, today, for more 
information on the complete line of Morse 
Power Transmission products. 


MORSE CHAIN COMPANY 
7601 Central Avenue 
DETROIT 10, MICHIGAN 





BW 


| some wannie 


MECHANICAL 


POWER TRANSMISSION 
PRODUCTS 


TRANSMISSION SINCE 1893 


10 siwewr CHAIN 
SPROCKETS 


§ SILENT 
CHAINS 


HY-vO 
DRIVES 








eos 
i | 


FLEXIBLE FLEXIBLE | oc 
ROLLER CHAIN: TSHENT CHAIN: | ] 


J 
COUPLINGS COUPLINGS | COUPLINGS 
eee s 


MORFLEX 
RADIAL 
COUPLINGS 


V4 








I] 











MORFLEX & 


18 marine 20) over-cewter 





ae 


RADIAL CLUTCHES 


DRIVESHAFTS CLUTCHES | 





COUPLINGS | 
i 
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y 
23 CENTRIFUGAL 
CLUTCHES 


21 purumore 
CLUTCHES 


TORQUE 
LIMITER 
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long hand. Both hands are re. 
turned to zero by light pressure 
on a lateral pushbutton. Contact 


Pa re 


ul 


More than 20,000 VIKING PUMPS 
IN THE LAST 25 YEARS 


on Littleford Bros. Equipment 


OU, too, can be assured of top pumping performance. Follow 
the example of Littleford Bros., Inc,, Cincinnati. They know what 
Viking pumps can really do after incorporating over 20,000 of them 
on their road construction and maintenance equipment. Service 


includes handling hot or cold road oils, tars, halt, thack —— , 
_ Pe ee Ne ae wheel has twin-jewel mounting for 


and emulsions. 
accuracy and long life. Made by 


If you are looking for dependable pumps as original : 
equipment, or for individual performance, follow Little- M. Ducommun Co., 580 Fifth Ave. 


| 
4 = ford’s example and learn more about Vikings. Write New York 36, N. Y. 
IKING for bulletin 54SH. For more data circle MD-126, Page 227 


AN HONORED NAME 
| __IN PUMPING 




















Data Repeating Systems 


Data repeaters relay test data to 
remote stations and present the 
information in visual form on 4 
dial which can be photographed. 
FOR A MONEY-BACK GUARANTEE OF LONGER SERVICE High accuracy is utiens under 

both static and dynamic conditions 
of operation. Instruments have 4 
static accuracy of +0.03-deg, 4 
bandwidth of approximately 25 cy- 
cles per second, a velocity constant 








Specify 


yu. BEARINGS-BUSHINGS 
ee” WEARING PARTS | 


Sold only under a rigid guarantee of superior and satisfactory service or a refund of 
the purchase price upon return—the customer's opinion to be final. 
Available in standard and special formulas developed to cope with specific or unusual 
conditions. Assure the best combination of physical properties, strength in tension and 
compression, hardness, and ability to sustain both static and dynamic loading. 
Protect the shaft or other moving parts from injury, scoring, and seizing due to temporary 
interruption or failure of lubrication, and at the beginning and end of a run, when the 
meee of rotation is insufficient to maintain the oil film. 
hey will not powder under the most severe conditions of service. Available rough cast 
or machined to precisely controlled tolerances. They can be machined at surface speeds in excess of 13,000, a torque con- 
up to 875 lineal feet per minute. . 7 d a 
$s to your patterns—any size, shape or section—delivered as scheduled and speci- stant of 3000 oz-in./dex. an 


Castin 
fied. Faseoen making, designing and machining when required. " Ss i 
maximum slewing speed of 3000 


Write a AR and —— data — Send ocien, 9s 

operation and other data for recommendations and quotations. You are invited to dis- | . are 

cuss your bearing problems with our metallurgists, engineers, and laboratory technicians. deg/second. Various models torn 
available. Made by Midwes 


THE AMERICAN CRUCIBLE PRODUCTS CO. Geophysical Laboratory, 3401 5 


Bearing Specialists Since 1919 Lorain, Ohio, U. S. A. Harvard Ave., Tulsa, Okla. 


127, Page 227 


1954 


1321 Oberlin Avenue 
For more data circle MD- 
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Recently developed 


DC CONTACTORS 


perform wide range 
of control functions 


Acceleration, reversing, timing, plugging, switching. 
Allis-Chalmers Type 264 can be used singly for any of 
these tasks. Group-mounted, they perform several or all 
of these functions. This versatility, coupled with a com- 
pact design, provides equipment manufacturers with a 
new measure of control flexibility. Performance-proved 
on electric industrial trucks, cranes and hoists, these dc 
contactors may be applied wherever dependable inter- 
mittent duty is essential . . . wherever installation space 
is at a premium. Type 264 contactors are rated 200 and 
400 amps at 36 volts. 


Check these advantages 


Compactness has been achieved without sacrificing ac- 
cessibility. All normal wearing parts can be removed 
from the front. 


Other features .. . Silver plated current-carrying parts. 
Silver alloy contact tips. Extra flexible stranded shunts. 
Amply sized single-break contacts. Optional interlocks. 


How to Be Sure You Type 264 contactors are typical of the standard, modified stand- 
G e ard and special controls designed and produced by Allis-Chalmers. 
et the Right Controls When your products reach the drafting board stage, call in your 


for Your Product A-C representative. He’ll be glad to give you comprehensive engi- 
neering assistance. Backed by the Allis-Chalmers engineering, re- 
search and testing facilities, he’s fully qualified to make suggestions which may help you 


get substantial savings in time, money and trouble. 
For details, call your District Office or write Allis-Chalmers, Milwaukee 1, Wis, 


ALLIS-CHALMERS “© 
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Everyone knows this 


is a sign of refreshment... 





And smart gear users know 


this Giitis the sign of 


the best in custom made gears. 


> "“Gears...Good Gears Only” 


THE CINCINNATI GEAR CQ. «© CINCINNATI 27, OHIO 
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— 4 WRITE FOR 80-PAGE CATALOG 


MARIEMONT AVE CINCINNATI 27, OHIO 








 D dren is a creative activity 
with many satisfactions, but 
it also has its hazards. One of 
them—a physical hazard—was re- 
cently discussed by Trafford W. 
Bigger before the management di- 
vision of the American Society of 
Mechanical Engineers. 


Wasted Manpower 


Many thinking people have ob- 
served in recent years the relative- 


| ly large numbers of highly trained 
| and intelligent men who, usually 
| in the age range between forty 
| and sixty, have suddenly cracked 
| up or reached an untimely end. 
| Their difficulty is very often re 


ported as some form of heart 


| disease. 


Since most “heart disease” oc- 
curs among those who are capable 
of creative thinking, its incidence 
must be affected by something con- 
nected with the thinking processes 
or the emotions. It also seems to 
be a condition which requires much 
time for its development. 

There is reason to believe that 


_many of these creative thinkers 
| are victims of such tension-produc- 


ing emotions as anxiety, apprehen- 
sion, fear, rage, hatred, impatience, 
frustration, or specifically, any 
emotion which will stimulate the 
flow of adrenalin. If this contin- 
ues over long-sustained periods it 
seems to be impossible for one to 
relax and the victim does not get 
sufficient rest. 

The author believes a person cat 
make more adrenalin in a work 
day of impatience or rage t!1an one 
with a sedentary occupation ca? 
normally consume within the work 
time and, unless the larger muscles 
are brought to play daily ‘o com 
sume this adrenalin, it may still 
be in oversupply through the 
night. Perhaps the consumption 


| of an oversupply of adrenalin . 
| the principal benefit the sedentary 


worker gets from off-duty * 
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... the solution to your Lubrication 
problem is here... PUREBON 


Carbon-graphite especially designed for mechanical 
applications. 
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Purebon is the designer's solution to many knotty 
problems involving sliding or rotating parts where lubri- 


puccnatiagp cation is difficult and sometimes impossible. Purebon parts are 


(ACTUAL SIZE) 


For complete 
information about 
PUREBON. Write for 
Bulletin 52 


COMPRESSOR 
BLADE 
(2/3 SIZE) 


DD 


PURE CARBON CO., Inc. 
450 HALL AVENUE 


ST. MARYS, PENNSYLVANIA 
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molded or machined exactly to our customers’ specifications here 
in our own plant, under our close supervision and inspection. 
Because of the diversified characteristics of Purebon, applications 
are limited only by the designer's imagination. If you have a prob- 
lem involving insufficient lubrication at critical points of friction, 
our design engineering department will be happy to work with 
you toward its swift and successful solution. 


-~Rt P 


READILY MACHINABLE 
Tolerances as close as .0005 can be 
maintained where required. 


CHEMICALLY INERT—NON-TOXIC 

Resistant to attack by chemicals of 

2 SELF-LUBRICATING——OR BY all kinds, used in food handling 
THE MATERIAL HANDLED and processing equipment. 


Varies with grade of Purebon. 

HIGH TEMPERATURE APPLICATION 
STRONG AND TOUGH Most Purebon grades will operate 
Transverse strength varies from efficiently in temperatures up to 
4,000 to 13,000 Ib./sq. inv according 700°F in air or much higher in 
to grade. neutral or reducing atmosphere. 


Leaders for over 40 YEARS in PURE CARBON PRODUCTS 


7 MOLDED TO SIZE—FOR 
MANY APPLICATIONS 
Tolerances of approximately 112% 
of dimension required for molding 
most shapes. 





UNRETOUCHED PHOTOMICROGRAPH 


(100 x) shows steel particles which had al- 
ready passed through an edge-type strainer 
with .003” spacing. The particles were ex- 
tracted by a Frantz FERROFILTER installed in 
the headstock lubricating oil line of a W & S 
No. 5 turret lathe. 


Build Better Machines 
with FRANTZ 


BULLETIN 
PM-83 


You can assure customers of lower maintenance 
and less expense for replacement parts on the 
machines you build. Frantz FERROFILTERS 
prevent damage to bearings, gears, pumps and 
other wearing surfaces caused by metal worn 
off moving parts and circulated through lubri- 
cation systems. These permanent magnet 
separators are compact, ruggedly built and 
easily cleaned. Nothing to wear out, no re- 
placements to buy. 


S. G. FRANTZ CO., Inc. 


P. O. Box 1138 





Trenton 6, N. J. 





Stress Relief 





ercise. This oversupply can stim- 
ulate one to wakefulness, and un- 
less he diverts his mind by reading 
or working on some hobby, his 
mind is soon racing along at a 
great rate. If this thinking is ac- 
companied by such emotions as 
rage or fear, more adrenalin re- 
sults, the heart rate is high and 
the snowball rolls and grows. 


Probably only a few people are 
fortunate enough to enjoy every 
detail of their work so much that 
these night sessions of high-speed 
thinking are always zestful. In a 
few years the heart muscle is tired 
enough to be painful from the ex- 
tra beating it has been forced to 
do, or loses its rhythm, and it is 
called heart disease. If this emo- 
tional fatigue continues’ long 
enough, one becomes so exhausted 
as to feel completely despondent 
and done-in and every move or 
thought must be forced. 

In this layman’s opinion, many 
deaths which occur in middle age 
are customarily reported as heart 
failure when the heart is really 
the victim of a _ long-sustained 
oversupply of adrenalin. Perhaps 
it would be of greater service to 
man if these cases were reported 
as “emotional exhaustion” or 
“heart failure due to emotional 
stress” or some such name. 


These victims of “heart disease” 
may be divided into two classes: 
(1) those who bring it upon them- 
selves, and (2) those who are the 
victims of circumstances or of one 
or more associates. There is doubt 
that either the associate or the 
victim often knows what has caused 
the trouble. 

In the first class are many lead- 
ers who are extremely active, both 
during and after normal working 
hours. They are possessed by a 
compelling urge to “get it done” 
and often have not learned to re- 
lax, or refuse to do so. 

If they do realize the effect of 
sustained high emotional tension 
without periods of relaxation, and 
choose to ignore it, that may be 
presumed to be their own business 
so long as they do not use their 
mode of life as the criterion of 
conduct for others. There are men 
in this class from the high-level 
executive down through the vari- 


ous levels of supervision to the 
high-strung individual worker, 

The victims of circumstance are 
not so often found in the higher 
echelons of their respective organ- 
izations. Sometimes they are the 
victims of frustration in their ef. 
forts to surmount difficulties which 
could not be foreseen or which 
were brought on by changes in 
surroundings or duties over which 
they had no control. Sometimes 
the man higher up refuses them 
the equipment or men which they 
must have. Even if he must do 
this the frustration can be too 
great. Often they are irritated or 
frustrated by an associate or suv- 
perior who likes to see them 
squirm, who is a confirmed ego- 
centric, who is unwilling to permit 
them to use their own ideas or 
grant them any recognition for 
their efforts, or who is just plain 
short-sighted. 

They are often very considerate 
of their fellow man and are victim- 
ized by their less considerate as- 
sociates. The long hours of rage 
which result are disastrous. To 
hate is to destroy one’s self. Long 
hours of frustration or similar 
emotion would seem to lead to a 
similar result. 

Heart disease seems not to be 
the only symptom of these emo- 
tional overloads, as it is reported 
that ulcers and high blood pres 
sure, among others, are in this 
category. Some time ago the author 
read about a man of near forty 
who quit a highly controversial 
position and soon found his blood 
pressure had dropped from 200 to 
160 and was on the way down. 
Some will say that he couldn't take 
it, but that is an old-fashioned, 
superficial statement and begs the 
question. 

The creative worker must be 
happy in his work to bring it the 
zest and exuberance necessary for 
full success and an interest in the 
subordinate’s hour-by-hour happr 
ness (not amusement) must be ce 
ognized as one of the prime duties 
of the supervisor. Everyone should 
learn about the destructive effects 
of the tension-producing emotions, 
and that when he or the man 4 
the next desk becomes unhapPY: 
damage is to be expected. He 
should learn this many years 
before the day of calamity ¢4” 
arrive. 
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Recent Books 


Graphics in Engineering and Sci- 
ence. By A. 8. Levens, professor of 
ngineering design, University of 
California; 704 pages, 64% by 9% 
inches, clothbound; published by John 
Wiley & Sons Inc., New York; avail- 
able from MACHINE DESIGN, $7.00 
postpaid. 


This volume emphasizes the use 
of graphics as an important and 
useful mode of expression. Expla- 
nations and examples show effect- 
ive combinations of the elements 
of graphics in design, research and 
development, and provide material 
for the integration of graphics with 
mathematics, mechanics, strength 
of materials, design and other 
topics. 

In three parts, the first part pre- 
sents the fundamentals of ortho- 
gonal projection, applying basic 
concepts to a variety of problems 
with emphasis on the analysis nec- 
essary for their solution. Part 2 
deals with recognized standards 
of graphical representation, giving 
attention to improving technique 
and emphasizing development of 
facility in freehand sketching and 
Simplification of drawings. Part 3 
8 concerned with graphical solu- 
tons and computations, showing 
the power of graphical methods, in- 
‘luding graphical calculus in the 
Solution of a variety of problems. 
Tables and material on such 
tems as lettering and geometrical 
‘onstruction appear in the ap- 
Dendixes. Appropriate problems 
and examples are utilized through- 
out the book. 


o 


‘ nentineering Analysis — An Intro- 
D a to Professional Method. By 
‘ f bad Planck, head, department 
Tear mical engineering, and B. R. 
ing ©, Jr., dean, college of engineer- 

and science, Carnegie Institute 
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of Technology; 356 pages, 5% by 9 
inches, clothbound; published by John 
Wiley & Sons Inc., New York; avail- 
able from MACHINE DESIGN, $6.00 
postpaid. 


This book develops a philosophy 
of approaching problems logically 
and systematically, exercising good 
engineering judgment at each step 
of the work. The subject is devel- 
oped by example with special stress 
on the whole thinking process. The 
book deals with such matters as 
defining the problem to be solved, 
deciding what principle to apply, 
choosing co-ordinate system, check- 
ing thoroughly, choosing dimen- 
sionless variables, and sketching 
of curves. Topics include material 
from dynamics of translation and 
rotation, electric circuits, heat 
transfer, solution of linear differ- 
ential equations with constant co- 
efficients, uses of power series, in- 
tegration by graphical and numer- 
ical methods, hyperbolic functions 
and evaluation of indeterminate 
forms. 


Active Networks. By Vincent C. 
Rideout, associate professor of elec- 
trical engineering, University of Wis- 
consin; 501 pages, 5% by 8% inches, 
clothbound; published by Prentice- 
Hall Inc., New York; available from 
MACHINE DESIGN, $10.65 postpaid. 


Covering the fundamentals of 
all networks capable of amplifica- 
tion, this book gives a thorough 
treatment of the development of 
communication circuits. While pri- 
mary emphasis is on vacuum tube 
circuits as applied to communica- 
tions and control engineering, the 
transistor as well is discussed in 
considerable detail. There are also 
complete sections on thyratrons, 
magnetic amplifiers and position- 
control servomechanisms. Basic 











FOR LOW-COST 

SMALL PARTS 

REPRODUCTION 
choose... 




















INVESTMENT 
CASTING 


Because with this economical 
process you can cast intricate, 
undercut parts to meet exacting 
requirements as to tolerances 
and finish without costly machin- 
ing and assembly operations. 


Keep the investment casting 
technique in mind when design- 
ing new products or improving 
old ones. It’s the ideal, low-cost 
way to produce functional parts 
in their “natural” shapes needed 
to improve product performance 
and appearance. 

We'll be glad to assist you in 
planning your own investment 
casting department or to recom- 
mend casting firms equipped to 
serve your needs. This service 
will not obligate you in any way. 

SEND FOR THE 
INVESTMENT CASTING STORY 




























This free 12-page 
booklet — “MODERN 
PRECISION IN- 
VESTMENT CAST- 
ING”— contains infor- 
mative data on how 
and where the process 
can be used. 




























- New Servoscope “7 The Engineer's Library 


ee 





puts another engineer ideas regarding band width, signal. 

to-noise ratio and information ¢a. 
Oo 

nm your staff ss6 but not pacity of a system are introduced 

/ to clarify the design of active net. 

yo) on your payroll works. Appendixes include math. 


ematical details and tube and tran- 


S Are you engineering any type of feedback sistor curves. 
control system—regulators, governors, process 
controls, positioning or speed servos? With 
seavosimo a Servoscope an extra engineer will be working , 
for you on design synthesis, analysis or a aa ee Se ee 
, ‘ By T. B. Jefferson, editor, The Weld- 

production test. e Breadboard your intended ing Tngincer, and Gorham Week 
servo system or other circuit metallur gist ; 335 pages, 5% by 8% 
designs—then, by either the inches, clothbound; published by ani 
frequency response or the available from the James F. Lincoln 
transient response method, Are Welding Foundation, Clevelani 
magnitude and phase curves 17, Ohio, $2.00 per copy in U. 8. A, 
can be obtained directly with- TESS eeowhere. 
in minutes. e For detailed 
information on how this versa- 
tile test instrument can save 


Output wave forms of Servoscope displayed against Manpower, materials and 
internal linear sweep generator, frequency Y> cps. money, write Dept. MD.9, 








This combination text and re 
ference book is intended to give all 
users of welding a practical work- 
ing knowledge and source of in- 
formation for designing and mak- 


ing better welds at lower cost. The 

CORPORATION OF AMERICA LRVO first six chapters are devoted to 
New Hyde Park, New York ww elementary discussion of metals 

: ® their mechanical and __ physical 

— Next, fun- 


properties and uses. 

damentals of metallurgy and their 
significance in heat treating and 
welding are explained in_ logical 
steps. This information is then 
related to correct welding proce 
dures for steels, cast iron, nonfer- 
rous materials and hardfacing. The 
final section of the book is devoted 
to information for making good 
welds, trouble shooting, cost esti 
mating and explanation of terms. 


° 


Lubrication of Industrial and Ma- 

rine Machinery. By the lat: William 

Gordon Forbes; revised ! “ ti 

. T. Everitt; 359 page 

Developing and producing specialized a as yoshi clothbound; pur- 

rubber parts, compression-molded O-rings lished by John Wiley & %ons Int» 

and 0 mold items... to meet customer's | New York; available from MACHINE 
exact requirements . . . from natural, syn- a DESIGN, $6.50 postpaid. 

thetic and silicone compounds, is our busi- 

ness. Your inquiry regarding any rubber | With the purpose of explaining 

parts problem, ra cially in the ' | fundamental characteristics of o™ 

design stage, is invited. | ventional lubricants, this second 

edition integrates lubrication p™™ 

New 4-page brochure and handy file ciples with lubrication require 


folder tells what Goshen Rubber can 
ments. 


do for you. Send for your free copy ; with 
today! 3 ‘ _— The first 14 chapters deal 


the chemistry, refining, am 


; . . . f 
Goshen VM Co. INC. ing and specifications for ao 
cants. Chapters 15 through ve 
“ plain the lubrication requiremé 


1794 S. Tenth St. 


' 954 
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RAGIR 


HYDRAULIC 
POWER 
PLANTS 


A RACINE packaged Power Unit offers 
you maximum flexibility in operation and 
performance. It comes complete, ready for 
immediate installation on your equipment. 


The heart of this system, a RACINE Variable 
Volume Pump, conserves horsepower by put- 
ting all of the oil to work, Relief and By- 
pass Valves with extra piping are unnecessary. 
, On this unit all control valves are neatly tubed 


to a terminal block from which connections are 
made to the machine. 


DESIGNED FOR YOUR NEEDS 


These package units can be designed to 
meet your space and circuit requirements. 
All components are centrally located with 
the Control Valves positioned on an 
easily accessible control panel. Investi- ® 
gate the possibilities as applied to your 
products. Write for complete RACINE 
Hydraulic Catalog and the name of 
your nearest RACINE Field Office 
offering a complete engineering 
service. , S 


REAR VIEW 


SALES AND SERVICE REPRESENTATIVES 
IN ALL PRINCIPAL CITIES 


2900800 


“They Work Better Together" 
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The Case of the 


“BIG STALL” 
pee by WATLO 


Most military and commercial aircraft today are 
equipped with a “stall warning” device mounted 
in the leading edge of the wing, which gives an 
audible and visual warning to the pilct when the 
plane approaches a stalling attitude. The p:oblem 
of preventing this device from freezing was very 
difficult because of the limited amount of space 
available for an electric heating unit. 


Watlow designed the heat unit illustrated here 
which becomes an integral part of the stall warning 
device. It measures only 1.280” x 1.125 x .200” thick, 
with a lava core and two flexible leads, and gives 
sufficient heat to prevent freezing of the stall warn- 
ing device. This is only one cf many types of heat- 
ing units which Watlow has designed for military and 
commercial orc ‘aft. 


Th 


HOT PLATES IMMERSION BAND CARTRIDGE 


ELECTRIC 
HEAT 


1384 FERGUSON AVE. 
SAINT LOUIS 14, MO. 


WATLOW solves 
unusual electric 
heating problems 
every day. What 
is your heating 
problem? 





COPIES STILL AVAILABLE 


IIACHINE DESIGN 


“DIRECTORY 


OF 


MATERIALS" 


18th Edition 


$100 Per Copy 








The Engineer's Library 





of the most common types of ma. 
chinery, including bearings, meth. 
ods for applying lubricants, jj 
purification and reclaiming, ma. 
chine storage and shipment, ep. 
gines, turbines, hydraulic systems, 
fluid couplings, air compressors, 
vacuum pumps, pneumatic tools, 
refrigerating machines, gears, heat 
treating oils and cutting oils. The 
last two chapters give practical ex. 
amples of applying the foregoing 
to the lubrication of equipment. 


Association Publications 


Standards in a Changing World— 
Proceedings of the Fourth National 
Standardization Conference and the 
Thirty-Fifth Annual Meeting of the 
American Standards Association. 76 
pages, 8% by 11 inches, paperbouni; 
available from the American Stand- 
ards Association, 70 East 45th 8&t, 
New York 17, N. Y., $3.00 per copy. 


This booklet contains the papers 
presented at the Standardization 
Conference and the addresses made 
at the Thirty-Fifth Annual Meeting 
and Awards Luncheon of the Amer- 
ican Standards Association. Other 
sections include panel sessions 00 
purchasing, quality control and 
factors involved in organizing com- 
pany standards; a symposium 02 
industrial noise; and a report by 
the National Bureau of Standards 
on design and production of elec 
tronics. 


Constructional Alloy Steels. Chem 
ical Composition Limits, H-Steels 
Hardenability Limits—Supp!ement t 
Sections 10, 18, 28 and 29, Steel Prod- 
ucts Manual. 60 pages, 8) by 
inches, paperbound; available from 
American Iron and Steel /nstitute, 
350 Fifth Ave., New York i, N.Y» 
on company letterhead request. 


Lists of steel compositions ™ 
this bulletin supersede al! others 
of earlier dates contained in Se 
tions 10, 18, 28 and 29 of the Steel 
Products Manual. The ranges and 
limits in these lists apply to steel 
not exceeding 200 square inches 
in cross sectional area, oF 
inches in width, or 10,000 pounds 
weight per piece. 
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Fluor Corporation uses 


——_—_—— = «~ 


GAS TRANSMISSION PLANT CHEMICAL 
PROCESSING 
PLANT 


Consolidated instrumentation 

































REFINERY COOLING 

















The Fluor Corporation Ltd’s mobile test unit, now 








equipped with CEC dynamic recording instrumen- 
tation, has more than justified its cost in several 
years of operation and 100,000 miles of travel. The 
principal function of the mobile test unit is to con- 
stantly improve Fluor products such as cooling 
towers, pulsation dampeners and fin fan air-cooled 
heat exchangers by on-the-spot dynamic testing 
under actual operating conditions. Using a 14- 
channel Consolidated Recording Oscillograph, Car- 
rier Amplifiers, Transducers and associated CEC 
equipment, the mobile unit can measure and per- 
manently record every physical phenomenon en- 
countered in the operation of Fluor’s products for 
the petroleum and petro-chemical industries. The 
attractive mobile unit in its specially built van trailer 
serves other purposes aiding the solution of field en- 
gineering problems and conducting basic research. 


Consolidated Engineering 


CORPORATION 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service through €B€ INSTRUMENTS, INC., a subsidi- 
- with offices in: Pasadena, Atlanta, Chicago, Dallas, Detroit, 
ew York, Philadelphia, Washington, D. C. 












ANALYTICAL 





INSTRUMENTS 





FOR SCIENCE 
AND INDUSTRY 
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Consolidated dynamic recording 
equipment: recording 
oscillograph, vibration meters, 
bridge balance and carrier 
amplifiers, are rack-and-panel 
mounted in Fluor’s mobile 
research laboratory. 


Free Catalog. Write for illustrated 
brochure “*Data Processing Instru- 
ments.”” Ask for Bulletin 1301-X1. 
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LARGEST 
\PRODUCER 


we } 


Triple “M” is the 
Electric Motor Maker's 
No. 1 Sotitee.for Precision Engineered 


[ COMMUTATORS 


SRUSH CAPS+ BRUSH HOLDERS 


oWictuest Molding 
_AND MANUFACTURING COMPANY 


~ 4630-W. Fulterton Avenue 
Chicago 39, Wlinois 


MANY 


STOCK SIZES 
| OWRITE: FOR 


CATALOG 


“OP MOLDED” 


NOTEWORTHY 


Rosser KEYS simplify assembly and disassembly 
of splined connections and prevent relative axial 
movements under load. Secure locking of splined 
hub and shaft assemblies is obtained with a rubber 
plug mounted in a tapped hole in the end of the 
shaft. Pressure applied to the end of the plug by 
means of a set screw forces the rubber to extrude 


g Y 


through a radial hole in the shaft, frictionally en- 
gaging the hub bore and preventing axial movement. 
Overtightening during assembly is prevented by the 
resilience of the rubber which also acts to lock the 
set screw adjustment. It can be assembled and dis- 
assembled many times without danger of damage. 
Patent 2,651,531 assigned to Maytag Co. by T. R. 
Smith. 


Avromatic CONTROL of clutch engagement in 
response to input speed is achieved with a centrifugal 
friction clutch design. Clutching action is provided 


by balls mounted between two disks which have mat- 
ing tapered radial grooves; one disk is fixed to the 
shaft, the other is spring-loaded but free to move 
along the shaft. Centrifugally actuated, the balls 
move outward in the tapered grooves as shait speed 
increases, tending to separate the disks. At @ Pre 
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Today many plants are enjoying new 
freedom from corrosion, longer 
equipment life and fewer shutdowns 
.. because of Carpenter Stainless 
No. 20. Take the job shown above. 
In this application, %” rd. rods of 
Carpenter No. 20 and _ Stainless 
[ype 316 were installed to handle 
HSO, at the rate of about 50 gal- 
ions a minute in a full range of solu- 
tion varying from 0% up te 58% 
concentration. ‘Temperature: 70° C. 
I58°F.). After four days the Type 
16 rods failed and were replaced 
with 4" sq. No. 20 rods. After being 
in service 3,747 hours of a possible 
0144 hours over a period of 256 











(ays, the No. 20 rods showed no 
‘pparent corrosion whatsoever. (See 
retouched photo above.) Of 











ee 'he Carpenter Steel Company, 

lloy Tube Division, Union, New Jersey, 
'r Carpenter Stainless No. 20 in the forms 
of Tubing, Sheet and Plate. 
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course, Type 316 is satisfactory for 
certain dilute solutions of H»SO, 
and many other corrosive condi- 
tions. But with a tough problem like 
the one described here, it takes No. 


20 to do the job. 


Note the band of corrosion resis- 
tance in the chart to the right. Con- 
sider it from the standpoint of how 
Stainless No. 20 can help you cure 
your own headaches in handling sul- 
phuric acid. Of course, we'll be glad 
to work with you in any way we can. 
As a start, drop us a line on your 


company letterhead for Carpenter’s 
booklet of more detailed informa- 
tion on No. 20. Test coupons are 


also available at your request. Inves- 
tigate now how you can solve, once 


[arp 


and 


problems. 


STEEL COMPANY, 


St., 


CARPENTER STAINLESS NO: 20 
CORROSION RATE — INCHES PER YEAR 





all, 


for 


Reading, 


0% . 
Percent 10 20 


Boume’ 9 =—18° 





THE 


Bios 


No apparent corrosion after 256 — of use | 
(Unretouched photo) 





your costly 
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Pa. 
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CARPENTER 


W. Bern 


















{Stainless No. 20 





Export Department: The Carpenter Steel Co., Port Washington, N.Y.—““CARSTEELCO” 


Mill-Branch Warehouses and Distributors in Prin cipal Cities Throughout the U.S.A. and Canada 
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When it has to Run for Years and Years 





WITHOUT 
FAILURE! 


SPECIFY A LEIMAN VACUUM 
AND PRESSURE PUMP 


Put Leiman in Your Product Designs And 
Get Customer Reactions Like This: 


“Operating for 12 years without requiring 
any maintenance attention whatsoever except 


for lubrication.” 


“They never wear out—never give trouble.” 


“We've had a Leiman pump in almost con- 
tinous operation, 24 hours a day, for the last 
21 years. It’s as nearly noiseless as a pump can 


be . 





4-WING TYPE 


Vacuums to 20”; pressures to 15 Ibs.; displace- 
ment to 162 cfm. Wings hinged to piston— 
centrifugal force maintains close, continuous 
contact to cylinder wall. Wings take up their 
own wear, insure positive pressure or vacuum. 
No composition material to require frequent 
renewal. Air chamber is large because of 
small piston size, giving unmatched capacity 
for size and weight of pump. 


. absolutely reliable in every respect.” 





2-WING TYPE 

Vacuums to 29.9”; pressures to 25 Ibs.; dis- 
placement to 40.8 cfm. Blades cannot stick, 
because of exclusive Leiman automatic wing 
adjusting lever which forces each blade to 
meet cylinder wall, insures positive pressure 
or vacuum. Only steel blades (no composi- 
tion) are used. They take up their own wear, 
deliver years of trouble-free service. 





Look to Leiman in designing products 
like vacuum packing and filling ma- 
chines ... paper feeding agitators... 


vacuum chucks. . 


liquid transfer 


equipment ...or any other device re- 
quiring continuous, non-pulsating flow 
of air for vacuum or pressure. 


Write for catalog and special bulletin 
on 60 representative applications. 


LEIMAN BROS., 


148 Christie Street 





ok 
Saye 
awe 


INC. 


Newark 5, N. J. 








Noteworthy Patents 





determined rotational speed, the movable disk en- 
gages the clutch disk of the driven shaft. Manual 
operation of the clutch is also possible with an auxil- 
iary engaging disk described in the patent. Patent 
2,663,396 assigned to Easy Power, Inc. by A. W. 
Wagner. 


V ariABLE CONTROL of output shaft speeds is 
obtained with power transfer rings in a transmis- 
sion unit. The transmission employs spring-loaded 
cone-shaped traction members, separated by drive 
rings mounted in frictional engagement with the 
driving and driven cone faces, to transmit power 
from the input to output shafts. Stepless adjust- 
ment of drive ratio and output speed is accomplished 
through an external lever and linkage construction 
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which controls the position of the rings along the 
cone faces. Drive ratio stability is maintained by 
preforming the drive rings in a conical shape to 
conform to the cone traction surfaces. Unbalanced 
thrust forces are prevented jin the design by mounting 
the transmission members in pairs in an equalizing 
arrangement. A modification of the unit for bidirec- 
tional drive applications is also described. Patent 
2,659,245 assigned to W. C. Maxson Corp. by P. ¢. 
McLaren. 


E-mercency CONTROL MECHANISM allows im- 
mediate changeover from a motor control to manual 
control without the necessity of clutches or changing 
gears. The device uses an internally threaded sleevé 
inside which a control shaft can be made to move 
along its axis by rotation of the sleeve. Since rot 
tion of the shaft with the sleeve held stationary will 
also cause the shaft to move axially, a gear is fitted 





on the splined end of the shaft to provide a second 
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Problem: To keep a hydraulic 
seal from being chewed up 














ee. a Solution: Use Mirror-Finish 
trmeecceeed ELECTRUNITE Hydraulic 


effectively for industrial 


Areieeeastyemet Cylinder Tubing 









tractors. 
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Result: Seals stay smooth 


That hydraulic cylinder you’re looking at is part of the Farmhand 
Hi-Lift Loader. It’s 10 feet long. And it has to be mirror-smooth in- 
side, or the rubber and fabric cups which seal the hydraulic fluid will 
be chewed up, sometimes, in a matter of hours. 


Farmhand formerly made the part out of steel tubing manufactured 
by another process. Sometimes, interior scratches were detected 
before assembly. That meant an expensive honing operation ora 
high rejection ratio which hampered production. If they weren’t 
caught, the rubber cups wore out in a hurry. The customer com- 
plained to the dealer. The dealer complained to Farmhand. 


The company got together with the Republic salesman and the Re- 
public metallurgist. They discussed the problem, finally came up 
with an answer: ELECTRUNITE Hydraulic Cylinder Tubing, 3” x 
.134” wall. And here’s what they got. 


1. Lower cost. Tubing can be used as it’s received from Repub- 
lic with no extra operations. 

2. More consistently uniform inside surface finish. 

3. rae er life on the cups that act as seals for the hydraulic 

uid. 

4. Harder surface in a higher Rockwell range than they had in 
tubing they formerly used. 

5. A low ratio of rejections. 


This is what we mean by precision tubing. And it’s particularly eco- 
nomical in hydraulic applications. If you’d like to know where it 
fits into your production picture, just call your nearest Republic dis- 
trict office. And do it soon. 


REPUBLIC STEEL CORPORATION 


Steel and Tubes Division 


217 E. 131st Street, Cleveland 8, Ohio 
GENERAL OFFICES CLEVELAND 1,OHIO 
Export Department: Chrysler Building, New York 17, N. Ys 




































REPUBLIC 
ELECTRUNITE TUBING 


Other Republic Products include Carbon and Alloy Steels — Titanium — Pipe, Sheets, Strip, Bars, Wire, Pig ron, Bolts and Nuts, Tubing 
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Noteworthy Patents 


ry means of moving the shaft. The sleeve may be turned 
Ss & Ng y ws by a motor with a worm gear drive. Manual control 
of the shaft may be by means of a handwhee! and 


worm drive to rotate the gear sliding on the splined 
end of the shaft. Operation of either of these controls 
will not affect the other nor will there be back-drive 


WHEN y Zell TRY 3 to overcome. Patent 2,660,072 assigned to Continental 


Foundry and Machine Co. by V. V. Veenschoten. 






















SpLinep BALL JOINTS in a universal shaft coup- 
ling minimize friction and wear and offer high torque 
capacity under severe misalignment conditions. 
Curved parallel splines on the surface of a ball- 
shaped driving member mate with internal rectan- 


P F A . P f - al R M A * C E gular splines on a driven tubular sleeve which fits 









STRENGTH WITHOUT BULK 
Lower cost, smaller size Mac-it Screws can be 
used for all fastening jobs because of their 
exceptional tensile and torsional strength. 
Made from special Mac-it Alloy Steel held 
to rigid specifications, Mac-it Screws insure 
uniform and dependable screw performance. 


SPECIAL SCREW PRODUCTS over the ball. Because of the large contact area be- 
Mac-it is geared for large or small run produc- tween the driving and driven splines of the coupling, 
tion of screws with special design or strength heavy loads may be transmitted. A sliding and rock- 
characteristics. The high quality of Mac-it Ps ‘ 

special Alloy Steel adapts it to heat treatment | ing action between the two members compensates 
that penetrates throughout the screw structure for shaft misalignment during rotation. Patent 
so that the center possesses the same sturdy 2,659,217 assigned to United Engineering and Found- 


toughness as the outside. Each type Mac-it ry Co. b 
Screw is heat-treated for maximum strength y - by H. H. Talbot. 


in its specific use. 3 


PRECISION FASTENERS 

The precision manufacture snd quality con- Rosser COUPLING facilitates connection of mis- 
trol used in making Mac-it Screws provide li d tati haft Béentionl bber driving 
users with high dimensional accuracy and uni- ae a ae. entical rubber < 
formity. All Mac-it Screws in both coarse and members are fitted on the end of each shaft. Each 
fine threads are held to a class-3 fit. Mac-it driving member has arms interlocking with the other 
maintains a fastener engineering service . and each is equipped with rubber driving lugs. An 
the design, development and production o . , : lnalki 
screws for all types of applications. elastic rubber sleeve fitted around both inter!ocking 


DISTRIBUTOR SERVICE 















































Contact any of the hundreds of Mac-it dis- a ies , 5 
tributors from coast to coast for immediate WN ‘ : ) 
service to supply your requirements for ‘Go fie 
standard or special screw products. : EAS YY) =% (n 
MAC-IT SCREW DEPARTMENT im, . 
STRONG, CARLISLE & HAMMOND COMPANY y 
1392 W. 3RD. STREET - CLEVELAND 13, OnI0 \ y . } P 
Manufactured by Mac-it Parts Co., Lancaster, Pa. = . ri 
. 
of 
ot 
members has openings to engage the rubber driving Co 
lugs of both members. Torque is transmilted by to 

the driving lugs of the driving member, through the 
rubber sleeve to the lugs of the driven member. . 

Relatively inexpensive, the invention is durable and 

efficient in operation. Patent 2,655,798 assigned ' 

General Tire and Rubber Co. by E. P. Neher. 

M 
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how would you 









: mass produce 
this cylinder? 
a x 

























































For efficiency and economy specify .. . 


H{}D IMPACT FORGING 






FROM 
Strengt! requirements of this cylinder were satis- producing this part with minimum metal waste 
fied by using a heat treatable aluminum alloy and in a single forging operation are immediately 





(minimim yield 55,000 P.S.I.). By the Hunter evident. When you are designing a part with the 
Dougla: cold Impact Forging technique, this high following characteristics : 









strength aluminum alloy was forged in a single ; , ‘ — 
operation to the desired shape . . . mass production Walls of sere dvaft...-iigh physical properties % we 
ge : heeded Tubular shapes with or without a closed end s % 
’ its finest... with close dimensional tolerances, Close dimensional tolerances...Mass produc- é aa BD: 
or. oral y a . . ie = 2 
14 zrain flow and walls of zero draft. tion requirements up to a million a month... ot S 
€ rails i i _ < 
used stud in the center of the piston —__MPROVE YOUR COMPETITIVE POSITION . . . aes oF 





offered an added design problem that, by any 
other process, would present a tremendous time SPECIFY HUNTER DOUGLAS 


onsuming contour milling operation, in addition We invite you to submit blue prints or parts for 
to high metal waste. The economic advantages of our engineering department’s prompt analysis. 


Wite for free literature on your company letterhead o4 UNTER DOUGLAS CORPORATION 


DEPT. MD-9 @ RIVERSIDE, CALIFORNIA @ TELEPHONE RIVERSIDE 7091 
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SELECT-O-SPEED 
Variable Speed Thansmissions: 


A Select-O-Speed Transmission is used 
here to drive and control the speed of 
a pulley and flexible shaft connected to 
a vibrator that checks vibration of vehi- 
cular components at changing speeds. 


Lovejoy’s accurate, easily installed Select-O-Speed 
Transmission gives you complete and instant speed 
control on all types of machinery—new or old. Even 
while the machine is running you can adjust to an 
almost infinite number of speed variations. 


Adjustments for testing . . . operator ability . . . various- 
ly sized parts or stock . . . material differences . . . any 
other operational variables . . . can be accomplished 
without loss of time or labor. 


Lovejoy Select-O-Speed Transmissions provide better, 
more efficient production control to help you improve 
the quality of your products. 


Speed ratios to 10 to 1. Sizes to 5 hp. 
Hand lever or wheel control. Operate with _ 
standard V-Belt drives. Fully enclosed. Send LOVtu! 
now for illustrated catalog giving complete 
information. 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 W. Lake Street 


Mfrs. of flexible couplings, universal joints, variable speed pulleys 
and variable speed transmissions. 















Chicago 44, lil. 























Maintenance 





Portable Vacuum Cleaner: Designed to operate two 
50-ft, 144-in. hoses simultaneously or one 75-ft, 1%- 
in. hose, 5 hp portable vacuum cleaner has large dust 
bucket and is equipped with an exhauster and motor 
which produce suction of 6.5 in. mercury. Compact 
and maneuverable, Hoffco-Vac 35 turns easily within 
its own length. Dynamically and statically balanced 
impellers in the exhayster permit operation with low 
vibration and noise. U. 8. Hoffman Machinery Corp., 
New York, N. Y. 


Furnace, Flue and Chimney Cleaner: Vacuum equip- 
ment for furnace, flue and chimney cleaning consists 
of a tank assembly on rollers, a large dust collection 
bag and bag support. Medium duty 2/3-hp hand type 
cleaner serves as power source. Tank, which col- 
lects heavy dirt and other objects, has 12-gal capacity. 
Bag has large surface area which allows low-velocity 
air to exhaust through the pores of the cloth while 
filtering out all soot, fly-ash and other dirt. Hoses 
are tough rubber or flexible metal, and nozzles have 
scrapers and wire or bristle brushes to loosen as well 
as collect dirt, ashes and soot. Ideal Industries Inc., 
Sycamore, Il. 


























Materials Handling 










Fork Lift Trucks: G-52 series of small, maneuver- 
able gasoline-powered trucks are made with capaci- 
ties of 2000, 3000 and 4000 Ib. Truck has flywheel 
with integral single-circuit fluid coupling which re 
duces overhang and overall length; muffler designed 
to provide cool running; and hypoid gear drive with 
four-pinion differential. Pneumatic or solid tires are 
available. Yale & Towne Mfg. Co., Philadelphia, Po. 


Electric Hoists: Overhead materials-handling hoists 
have capacities ranging from 4 to over 15 tons. Stand- 
ard models of 4, 5 and 6-ton capacities have wire rope 
lift with swivel hook suspended on a two-part line. 
Suspension is by lug, hook or plain or geared trolley. 
Positive load control down to increments of a fraction 
of an inch is possible. Hoist motors operate from 4 
power source of 220 or 440-v, three-phase ac, and 
are controlled from a two-button control box sus 
pended directly beneath the hoist. R. G. LeTournea 
Inc., Longview, Tex. 


Platform Truck: Low-lift electric platform truck 
with 6000-Ib capacity lifts skids of various heights. 
Platform lift is 10 in., with low position of 7 in. 
Standard platform is 20 x 72 in.; other sizes can be 
specified. Tandem wheels are articulated for travel 
over rough or uneven floors. Truck is operated by 
Rolotac snap-acting control. Rolling snap action 1s 
engineered for instantaneous make and break of all 





























MACHINE DEsIGN—September 1954 














HOW TO USE THEM 


1. Precision Dowel Pins are principally used 
where parts must be accurately positioned 
and held in absolute relation to one another 
whether stationary or in motion. They facili- 
tate quick disassembly and completely accu- 
rate re-assembly. 

2. Allen Dowel Pins are also used as plug 
gauges. 

3. As plugs for determining angular dimen- 
sions of dovetail slides. 

4. As hinge and wrist pins in applications 
requiring initial and permanent accuracy. 

5. As accurate, economical roller bearings 
and axles. 


6. As guide pins, stops and position locators. 





HOW TO JUDGE THEM 


1. On precision, for low tolerance applica- 
tions. (Allen Dowel Pins are ground to a 
maximum microinch finish of 6 RMS protected 
by a rust preventive. ) 


2. On strength, for shear resistance. (Allen 
Dowel Pins zre made from special Allenoy 
Steel, heat treated. Single shear strength 
measures from 160,000 to 180,000 psi.) 


3. On hardness of surface and a core hard 
enough to prevent “mushrooming” when 
driven into a tight hole. (Allen Dowel Pins 
have a surface hardness of 62-64 Rockwell C 
Scale and core hardness of 52-54. Average 
case depth .010 to .020 depending on size.) 


The simple sure way to be sure of uniformly superior dowel pin 
quality is the same as in buying precision socket screws — 
get genuine Allens from your Industrial Distributor. Only 

he sells them but we will welcome your direct request 


for literature or application engineering assistance. 


Available in 108 Standard Sizes from 4%” x 3%” 
to 1” x 6”. Standard tolerance .0002 oversize. Most 
sizes also standard in .001 oversize for repair work. 
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U N | : ; | | 1) _ circuits to minimize arcing. Elwell-Parker Electric 
Co., Cleveland, O. 


Hydraulic Hoist: Electrically powered hydraulic 


® hoist is rated at 5000 psi and provides power to lift 
L UTC i | | | K A I) a 1000-lb load 8 ft with built-in boom extension, a 
| 1500-lb load 6% ft, or a 2000-lb load more than 4 ft. 


Hoist is available with or without four-wheel floor 
truck. Unit Mfg. Co., Minneapolis, Minn. 

Electric Truck: Model SX-24 Tractor Ox has 200 lb 
rated drawbar pull at 34, mph. No-load speed is 64, 
mph; with 10,000 Ib rolling load, speed is 34, mph. 
Designed for stand-up operation, truck has four 
speeds forward and three reverse. Steering handle is 
mounted vertically directly over the center of drive 
unit and turntable. Handle bar extensions on each 
side of the steering column facilitate steering. Unit 
can turn in 39-in. intersecting aisles. Barrett-Cravens 
Co., Northbrook, Ill. 

Hydraulic Lift: Model M266 manually - operated 
Presto hydraulic lift has pressure-controlled forks 
which are adjustable from 8 to 32 in. Forks are 26 
in. long. Capacity of lift is 1000 lb. Lifting height 
is 66 in.; overall height of unit, 80 in. Lee Engineer- 
ing Co., Pawtucket, R. I. 








Metalworking 


Precision Lathe: Sebastian 13-in. geared-head lathe 
has large, heavy bed, tapered-roller bearings support- 
ing the spindle, and 13¢-in. hole through the spindle. 
Multiple-splined spindle is thick walled, hardened and 
ground. All gears in headstock run in oil. Large en- 
closed gear box has 60 different pitches and feeds. 
Eight spindle speeds from 35-860 rpm are obtained 
with 1725 rpm drive motor, from 25-575 rpm with 
1200 rpm motor; two-speed motor provides 16 speeds 
from 15-860 rpm. Cam-action tailstock clamp permits 
rapid shifting of tailstock. Sheldon Machine Co. 
Inc., Chicago, Ill. 

Bench Type Punch Press: Developed for short runs, 
1-ton punch press is capable of 200 operations per 
minute. Single-pin clutch, operated by a hand lever, 

: provides positive clutching action. Ram moves on 
Clutch Head screws with their fa- machined ways, and a gib provides for take-up of 
mous “lock-on” feature permit quick wear. Punch is operated by direct V-belt drive from 
assemblies in those troublesome, a 14 to %4-hp motor. Alva F. Allen, Clinton, Mo. 
‘hard-to-get-at”” spots. It frees one Power Press Brake: Adaptable to most tyes of 
wy — mg ipa yer ago ried power brake press dies in short lengths up ‘o and 
agen. qgalior sere Betis ot sales including 24 in., stub type power press brak« per 
the screws, and automatically un- Sounes Gomi ti air trolled pres- 
locks as the screws are driven. ae ee Se . 
sure at the point of operation. Work cycle cvnsists 
Noneed to throw your driver away just of low-pressure advance to the work and hig':-pres 
because it is worn at the point—just sure forming or shaping. Stroke length is v riable 
grind it back and you have a new bit. from 2 to 11 in., excluding die height. Unit’s capacity 
is 42 tons at 100 psi. Dayton Rogers Mfg. Co.. Mir 
neapolis, Minn. 
> ® Reg. U. S. Pat. Off. Vertical Universal Grinder: Hydraulically operated 
..- 42-in. grinder has normal maximum swing of 52 1. 
’ UNITED SCREW and BOLT CORP. It does inside and outside diameter and angle cylin- 
CHICAGO 8, ILL « CLEVELAND 2, OHIO drical grinding. Machine grinds tapered or straight 
NEW YORK 7. N. Y. holes up to 2 ft deep; with the same setting of the 


¥ 
Write for engineering booklet for full 
details. 


mo dhe 
3 
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The automotive industry stands as a leader in 
technological advancement and cost-cutting produc- 
tion techniques. That's why today practically every 
important automobile manufacturer is using Ohio 
Knife Aluminum Bronze Wear Plates on body dies. 


By a unique clading process, long-wearing alu- 
minum bronze is bonded to a machinable steel base. 
Cost is drastically lower when compared to solid 
Cast bronze plates. A finer quality bearing surface 
is obtained, resulting in longer life. When fitting is 
tequired to suit die, steel backing of plate is easily 
machinable, and no difficulty is encountered drilling 
*rcounter boring through bronze surface. OK alumi- 
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num bronze plates are applicable wherever a die 

has a sliding or cam action. A large selection of OK 

aluminum bronze plates carried in stock .. . finished 

ground, flat and parallel... ready to ship. Specials 

made to your specifications. Literature available 

showing our standard sizes. Write Dept. 29-A. 
Manufacturers for the metalworking industry of: 


SLITTER KNIVES © SHEAR BLADES © BRONZE WAYS © ROTARY SHEAR KNIVES 
HARDENED SPACERS © BALL RACES © HARDENED WAYS © WEAR STRIPS © GIBS 


THE @ui0 EEnirte co. 


OHIO 


COaeenerRrnwratt 223, 
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— 


head, it grinds matching male parts. Head can be 
set at any angle up to 45 deg. Work spindle speeds 
range up to either 88 or 176 rpm in either direction, 
Grinding head has a stroke of 271% in., with speeds 
up to 185 in. per minute. Maximum clearance over 
the face plate is 25 in.; over the work spindle, 30%, 
in. Rapid traverse has speeds of up to 100 in. per 
minute. Wheel spindle motor speed is 3600 rpm. 
Springfield Machine Tool Co., Springfield, O. 


Punch Press: Model 7, a 744-ton power press, has 
one-piece crankshaft with flywheel mounted on two 
roller bearings. Ram and ram guide are 90-deg, V 
type and are extra long to ensure precise operation. 
Standard stroke is 114 in.; strokes up to 3 in. are op- 
tionally available. Shut height i is 734 in. to the bolster 
bed, adjustment up, ram down. Bolster plate is 714 x 
11 x 1 in. thick. Keneo Mfg. Co., Los Angeles, Calif. 


Milling Machine: Workpieces measuring up to 30 x 
48 in. and weighing 5000 Ib can be bored, drilled or 
vertical milled on the Electromill. Machine has 35-in. 
throat capacity. Both spindle speed and feed can be 
changed without stopping the spindle. All controls 
are located in a panel that can be moved to the most 
convenient position. W. B. Knight Machinery (o., 


PALMETTO. 


The Baldwin-Lima- 
Hamilton Corporation, 





Eddystone, Pa. Division, 
recognized a manufactur- 
ing advantage in the 
PALMETTO G-T Ring. 
Designing it into their 


St. Louis, Mo. 


Press Brakes: Line of 50 to 775-ton press brakes 
perform forming, bending, punching, blanking and re- 
lated operations. Uniform bends are assured by con- 


Baldwin Compression 

Testing Machine (capac- 

ity—50,000 Ib; pressure—1,000 psi; stroke—3 in.) 
meant design simplification—a simple groove instead 
of a complex stuffing box. Here is where engineering 
foresight paid off...Changing to this modern dy- 
namic ram seal not only saved space, but hours of 
machining as well. Because high sealing efficiency 
and long service life are maintained along with these 
manufacturing advantages, the PALMETTO G-T 
Ring is now standard for Baldwin in this application. 


stant application of power from double-end twin 
drives with double-reduction gearing which is totally 
enclosed in sealed oil baths. Machines have laminated 
nonmetallic ways. Niagara Machine & Tool Works, 
Buffalo, N. Y. 


Universal Grinder: Work head, wheel head and 
table of Cresta grinder are completely universal, per- 
mitting taper or straight work on either outside or 
inside-diameter grinding. Conversion is accomplished 
in seconds’ time. Machine has a 10 x 1 x 3-in. wheel 
powered by a two-speed 114-hp motor. Work head. 
operating at speeds from 125 to 610 rpm, accommo 
dates live or dead centers, a 4-in. three-jaw chuck, 
or 9/16-in. capacity quick-change collets. Work ¢a- 


CANNOT SPIRAL... . 


The Palmetto G-T Ring, unlike 


AANAMENS 


an O-Ring, will not twist and 
turn in the groove, T-form pre- 
vents spiral failure even in dy- 
namic applications. 


CANNOT — hes 


Resilient ''T''-section supported 
by non-extrusion rings on 
either side makes extrusion im- 
possible. As pressure is ap- 
plied, non-extrusion rings are 
urged against cylinder wall, 
blocking the path of extrusion. 


pacity is 4 x 10 in.; recommended work diameter for 
production grinding is 2 in. Grinder measures 34 x 44 
in. American Herforder Corp., Chicago, Il. 


Office Machines 


Automatic Calculator: Ten-key adding machine has 
keyboard so arranged that the cipher bar is directly 
under the thumb or little finger, depending upo? 
which hand is used. All keys are large, and the 
4, 5 and 6-keys in the center horizontal row are 


cupped to facilitate touch operation. A small window 
directly above the keys indicates each item as it 8 
entered into the machine and before it is prin‘ed oF 
added. A true credit balance, whether positive oF 
negative, is printed from one depression of the Total 
key; a clear signal is printed automatically with the 
first item following a total; and negative values are 
printed in red, with the proper symbol. Machine has 


Write for our Manual MP-200, Engineering 
Standards for Palmetto Molded Packings. For 
design information on G-T Rings, see our cata- 
log in Sweet's Product Design File. 


packing mae penance inte meng appli Sh POO 
GREENE, TWEED & CO. North Wales, Pa. 
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Because MECHANICS Roller Bearing UNIVER- 
SAL JOINTS drive through KEYS—instead of 
bolts—they stand up under punishment that shears 
off other types of fasteners. They are designed with 
less parts and connections for easy assembly and 
servicing — smooth running balance — maximum 
strength with less weight — and long, trouble- 
free, safe operation. Rugged stamina is just one 


of the advantages you get when you specify 
MECHANICS Roller Bearing UNIVERSAL 
JOINTS. Let MECHANICS engineers help you 
design this and other competitive sales features 
into your product's transmission train. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2032 Harrison Ave., Rockford, Ill. 


MECHANICS 


Roller Rearing [i 














UNIVERSAL JOINTS 


For Cars + Trucks « Tractors » Farm Implements * Road Machinery « 
Aircraft + Tanks « Busses and Industrial Equipment 
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[SULA 
FARINGS 








Lic Put NY LON 


Solve Many 
Bearing Problems 


e RESILIENCY RESISTS POUNDOUT e PERMIT DRY 
OPERATION « MINIMIZE ABRASION FAILURES e 
SILENE OPERATION @ LOWER FRICTION @ SUPERIOR 
CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
e DAMP MECHANICAL VIBRATION @ EXTREMELY 
COMPACT @ CLOSE FITS » NON-CONTAMINATING oe 
LOW COST e LONGER LIFE @ LESS MAINTENANCE 
@ BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 
THOMSON INDUSTRIES, Inc. 
Dept. 9 


Also Manufacturers of BALL BUSHINGS... 
The Ball Bearing for Linear Motions 


New Machines 





enclosed paper roll that lifts out for replacement, 
hand grips for portability, rotary printing mechan- 
ism for quiet operation and transparent paper tearing 
blade. Friden Calculating Machine Co. Inc., San Le- 
andro, Calif. 

Accounting Machine: Class 34 machine can be used 
for accounts receivable, accounts payable, payroll, 
inventory records, general ledger and any other 
bookkeeping procedures applicable to an accounting 
machine. It has a hydraulically operated carriage 
and a system of automatic control through detachable 
“form bars” which may be switched rapidly to change 
from one bookkeeping job to another. Machine can 
subtract directly from every total, can clear all to- 
tals automatically and has a reverse key which per- 
mits immediate correction of errors. Carriage func- 
tions are fully automatic. Machine has five totals. 
Available in both typewriter and nontypewriter mod- 
els; typewriter model has standard keyboard, electric 
typewriter. National Cash Register Co., Dayton, 0. 


Packaging 


Automatic Stapler: Model OTC automatic stapling 
machine staples hinged or unhinged lids on octagon- 
shaped cartons which have open square centers. It 
handles cartons measuring 26 to 54 in. across the 
outside flats, with 6 to 20-in. square inside openings 
and varying in height from %-in. to 2 in. Machine 
has three adjustable stapling heads. Staple pattern 
for the heads is staggered to minimize stops and in- 
dexing operation. Change-over time from a run of 
one size cartons to another is approximately 2 min- 
utes. International Staple and Machine Co., Herrin, 
Til. 

Heat Sealer: Semi-automatic Comet 54 machine 
seals coated or laminated barrier materials to gov- 
ernment specifications. Automatic tripping device 
controls heat sealing cycle after simple preliminary 
handknob settings for time, temperature and pressure. 
Integral stop and adjustment permits seal width from 
\,-in. to 1 in. Maximum length of a single seal is 
13% in. O-ring sealed air piston provides uniform 
pressure throughout seal area. Integral controls in- 
clude on and off switch, air pressure regulator to 
control sealing bar pressure, preset dwell timer ad- 
justable from 1 to 15 seconds in 14-second incre 
ments, and an adjustable thermostat control to regu 
late heater bar. Heater bar is coated with T:flon to 
prevent sticking of vinyl or polyethylene sealing ma 
terials. All wiring, pressure tubing and moving parts 
are totally enclosed. Fox Hills Tool and Die C0. 
Culver City, Calif. 


Plant Equipment 


Portable Filtration Unit: Caster-mounted fiitration 
unit, incorporating Delpark disposable belt ty)¢ filter, 
is easily transported for periodic filtration of various 
liquids and oils which do not require continuoi's filtr 
tion. Unit utilizes various filter media for numerous 
filtration requirements and may be used on quenching 
oils, cutting oils, coolants, hydraulic oils. test stand 
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Why you can Comer arpeciion casts 

































- 
= & with a Kodak Conju-Gage Gear Checker 
used , . 
roll Why the composite check Not only can a single worm section be 
ther used in place of a number of circular 
ting The composite check recommended in masters, but such a worm section can be 
iage American Standard B6.11-1951 tests reground to specification as often as nec- 
able gears functionally by running the gear essary—at a fraction of replacement cost. 
inge against a master of known accuracy. The It is easily checked for accuracy by fa- 
can resulting displacement shows at once miliar toolroom procedures. 
to- the cumulative effect of as many as six You can find out more about the econ- 
all types of error—eliminates time-consum- omies possible through Kodak Conju- 
4 ing checks for each individual error. The Gage Instrumentation by sending for a 
re i check is rapid and conclusive. copy of the booklet, “Kodak Conju-Gage 
trie Gear Testing Principle.” Write to: 
) Why the Kodak Conju-Gage Special Products Sales Division 
EASTMAN KODAK COMPANY 
Gear Checker Rochester 4, N. Y. 


ing To meet today’s tolerance requirements, 
on- the Kodak Conju-Gage Gear Checker 


It uses a master made with a new order of 
the precision. This is the Kodak Conju-Gage 
ngs Worm Section, produced by thread 
ine grinding under control of a precision 
ern lead screw. 

7 The accuracy inherent in this method 

0 


means every right gear is passed by the 
worm section, reducing rejection losses. 
The transverse curvature produced by 
this method provides a master that can 


ine . ‘ 

i. be used to check any gear of like pitch 
an i 
“a d pressure angle, regardless of helix. 
ry 

re. 

ym 

7 a ee a 

m el - 

“d | a & 

to : or 

d- t ‘ 2 

. fe ; 

to 





The Kodak Conju-Gage Gear Checker automatically 
records the composite effects of runout, base pitch 
error, tooth thickness variations, profile error, lead 
error, and lateral runout. Illustrated is the Kodak 
Conju-Gage Gear Checker, Model 4U, for gears up 
to 4%" pitch diameter. Larger and smaller models 
are also available. 


; | SONJU-GAGE INSTRUMENTATION 


++» @ new way to check gear precision in action 





To inspect all kinds of complex parts on a bright screen, Kodak also makes 
‘ghly versatile contour projectors. 
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New Lion “Hi-Strength” fastener completely assembled. Cutaway 
shows the beveled counter sink. Beveling substantially increases 
the area over which stress is distributed. 


NOW! Shear strength 
twice that of any 


other fastener! 


NEW Lion “Hi-Strength” design fills every 
need for parts that must be fastened, 
taken apart and buttoned tight quickly 


Here’s a new and better answer to your problem of metal-to-metal 
fastening where high shear stress and vibration are factors. 

It’s the Lion “Hi-Strength” fastener, combining speedy quarter- 
turn opening and closing with a shear strength of 4750 Ibs! 

This “Hi-Strength” fastener is remarkably strong because shear 
load is distributed evenly over the area of the fastened parts. The 
secret lies in the beveled counter sink in the sheet and the nut. It’s 
the same high shear principle used for years by the automotive 


industry for wheel lugs. 
In addition to high shear strength, its tensile strength is 3000 


lbs. Sheet separation is zero up to 4750 Ibs. Misalignment is as 
much as .125 with high shear qualities. Regardless of the number 
of times it’s opened or closed, there is no wear. It cannot be over- 
torqued, (up to 3750 Ibs.). It cannot be fastened incorrectly. It is 
no larger than a standard No. 5! 

To test it yourself, write for a free mounted working sample. 
Just drop us a line on your company letterhead. 


LION 


FASTENER, INC. 
800 Main St., Heneoye Falls, N. Y. 
In Canada: A. T. R. Armstrong Co., 50 St. Clair Ave. West, Toronto 
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oils and many other industrial applications. Indus. 


trial Filtration Co., Lebanon, Ind. 

Drill Grinder: Dry type drill grinder, available in 
both bench and pedestal models, restores uniform cut- 
ting points to dull drills. It grinds either straight or 
tapered shank, two-lip twist drills and has a drill ca- 
pacity of from 0.062 to 0.500-in. diameter to any in- 
cluded angle of 80 to 160 deg. Operable by unskilled 
personnel, unit is equipped with a precision microme- 
ter lead screw for accurate positioning of the drill. 
Brown-Brockmeyer Co., Dayton, O. 

Motor-Driven Pump: For use in proportional feed 
systems, motor-driven, controlled volume pump has 
a mechanical, single-revolution clutch arrangement 
which permits one stroke of the pump in response to 
an electrical signal to effect feed of an additive in 
proportion to main line flow rate. Pump capacities 
range from 1 pt to 1350 gph, against discharge pres- 
sures to 50,000 psi. Milton Roy Co., Philadelphia, Pa. 


Processing 


Shell Mold Machine: Pneudraulic shell-molding ma- 
chine makes shell molds for producing accurate cast- 
ings with fine surface finish. Machine does not re 
quire skilled operator to produce consistent shell du- 
plication. Molds are 12 x 18 in., and production rate 
is 45 to 60 shells per hour. Investing and curing pe- 
riods are automatically controlled by a timer. Ra- 
diant oven heats the pattern and cures the shells. 
Dump box used for investing the pattern has a break- 
er screen to insure even distribution of the sand- 
resin mix regardless of quantity of mix in the box. 
Hydraulic-air system utilized with an accumulator 
provides smooth operation of hydraulics, operating 
on 80-psi air supply. Centrifugal Casting Machine 
Co., Tulsa, Okla. 

Tumbling Barrel: Lorco model 100 bench type tum- 
bling barrel occupies 14 x 24 in. of space. Plastic- 
lined 714 x 12-in. steel drum rotates on double shafts 
mounted on heavy channels carried by self-aligning 
ball bearings. Steel door is Neoprene lined, and @ 
perforated metal rinse door is included. Powered by 
a 14-hp motor, unit has automatic transmission with 
infinite speed variation in either direction from 0 t 
about 65 rpm. Lord Chemical Corp., York, Pa. 

Induction Heating Equipment: Kilotron mode!s K400 
10C and K400 20C combine both current generator 
and work table in a single cabinet. Rated outputs 
are 10 or 20 kw, and the units are rated for continu 
ous duty. A 33 x 100-in. work table forms the top 
of the generator cabinet. Applications include heat 
treating, stress relieving, hardening and brazing, % 
well as heating of electronic tube elements while vac- 
uum pumping. Table top is stainless steel, backed by 
insulation to eliminate reverberation and heat trams 
fer. Formed edges of the table prevent work from 
falling off and permit use of table top as a tray for 
quenching solutions. Manual, automatic or remote 
control is possible. Panel lights provide continuous 
indication of all operating conditions. Electric AT 
Inc., Newark, N. J. 
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